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PREFACE 

lyyTY object in producing this book is to fill a very definite 
gap in technological literature. There are numerous 
excellent works on the subject of Mining and fully as many 
on that of Metallurgy, but no English work has yet appeared 
dealing with the present subject, covering as it dora ground 
common to both of the above branches of Technology, nor 
is there indeed any modern Continental work that can be 
said to bring it at all up to date. 

Minerals are not, as a general rule, suitable, exactly as 
mined, for the purposes of the smelter or for use in the Arts 
and Manufactures, and they usually have to undergo a series 
of operations, at times extremely simple, but at others also 
highly elaborate, in order to fit them for such use, and it is 
to this series of operations that the term “Dressing” is 
applied. The object of the present work is to give on 
account of the theory and practice of the Dressing of 
Minerals, which will, I hope, prove useful to the minw or 
metallurgist who desires to understand the principles upon, 
this art is based, as also to the pianufactuiter who si|p- 
{^es tiie necessary appliances, and above all to the student 
Is^H^parii^for either qf the above professions. Although 
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^rtions of this si^lbject have been iealt with to some extent 
in a number of wdto, its practical and economic import¬ 
ance fully justifies the production of a text-book devoted to 
it alone. In the preSfent work I have made somewhat of a 
new departure, and have followed the method that I have* 
been applying for the last twelve years in my Lectures on 
the Dressing of Minerals, which I have regularly treated as* 
an independent subject, inasmuch as I have disregarded 
the time-honoured division, which would make separate 
branches of the Dressing of Ores, and of the Cleaning of 
Coals. These have hitherto been looked upon as different 
subjects, and have been discussed independently: seeing, how¬ 
ever, that both depend upon identical principles, and are often 
carried out in appliances that differ only in trifling details, 

I hold that each is capable of throwing light upon the other, 
and I hope that the simultaneous treatment of both in the 
present work will bring out clearly the underlying funda¬ 
mental principles, and will afford a comprehensive view of 
the application and scope of the entire subject. 

Although the literature on the Dressing of Minerals is 
scanty, a very large amount of practical work has been done 
upon it, notably by the manufacturers of the machines 
and appliances employed, and I am greatly indebted to 
such manufacturers, in all parts of the world, for drawings 
and descriptions of their productiqns, and for information . 
concerning them, which they have most liberally put my 
disposal. I have endeavoured in every case to acknowledge 
fiiily this .assistance in the pagef of the book itself^ 
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4, nee5 only add, that‘wherever i nave desmned an® 
appliance as made by %ome particular I do notr^here% 

' mean 4o imply that this tnake is necessarily superior to 
similar machines made by others, my selection having been 
guided mainly by the desire to present well-marked typical 
^examples of the various appliances. A point of consider¬ 
able difficulty arises with respect to appliances that have 
been only recently introduced; as a rule, whenever the 
machines appeared to be designed in accordance with sound 
principles, I have referred to them briefly, and have stated 
that they had been in use for too short a time to enable a 
fair judgment to be formed concerning them. 

My thanks are also due to a number of Technical Insti¬ 
tutions for their kind permission to reproduce illustrations 
and information contained in their respective publications; 
these, also, I have endeavoured fully to recognise. I have 
further to record my thanks for assistance in different sec¬ 
tions, received from my colleagues, Professor R. M. Ferrier, 
M.Sc., M.Inst.C.E., of University College, Bristol, Professor 
H. Stroud, D.Sc., and Mr J. H. Morrow, D.Sc., of this College, 
and finally to my assistant, Mr H. Dean, M.Sc., A.R.8.M., 
to whom I am particularly indebted for the compilation of 
the Index. 

HENBt LOUIS, 


Amiii^Boso CoLLiaiE, 

Nkwca»tl*-os-Tvne. 
F^truaryy 1909 . 
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THE DRESSINd OF MINERALS 

(CHAPTER I. 

CRNKllAL CONSIDKRATIONS. 

The Dressing of Minerals (German Au/bereitmig, French /'»•«!'- 
paratiuu mdcaiiiqiie) is a term tiiat is intended to inchide all 
the series of operations that i?itervene Ixjtween the extraction of 
a mineral from its natural deposit and its production in a condition 
ready for wile or for further use in the arts or manufactures; 
it priietically covers the whole series of ojierations which have for 
their object the separation of a mass of mixed minerals into its 
mineralogical constituents, or the cleaning of one mineral constituent 
from the accompanying mineral or mincials which may lie looked upon 
from the technical p<iint of view as the impurities of the former. It is 
therefore essentially a branch of Technology. Hie limits of a scientific 
subject are cajiable of clear and exact definition, and its scope is 
easily fixed, but this is fiir from being the case with a technical art, 
the boundaries of which are merely decided by exjiediency or pre¬ 
scribed by custom. Accordingly we find that it is all but impossible 
to say exactly where the ojierations included in the term “Dressing 
of Minerals” licgin, or where they leave oft’ and we find them 
encroaching on the one hand upon the domain of the miner, and on 
the other overlapping those of the metallurgist and manufacturer. 
It will therefore be necessary to decide at the outset within what 
range we will limit our subject; the most satisfactory method perhaps 
is to take the mineral as it leaves the mine. The greater proportion 
of alj minerals got by mining operations, properly speaking, is drawn 
oat of the mine from shafts or adits in mine tubs or waggons, and 
dressing may be taken to commence at the point where this mineral 

t (allied out from these waggons, any tipping arrangements that may 
neoesa^ being looked upon by some as forming part of mining^ 
frgper, and by others as belonging to dressing. In many instances 

1 
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tile* mineral is not^drawn out in waggfns, but is hoisted up^ shafts in 
skips or kibbles, th^ contents of which are. either transferred direct 
to waggons simildj^ ks those referred to'alwve, or else are emptied/ 
into bins, and from these into waggbns, or again, instead of waggons 
in either case, the buckets of an aerial rope-way may be made use of. 

. By analogy with the former case it will again be {^nvenient to take 
about the same starting j)oint, namely, when the mineral is emptied out 
from these waggons or buckets, although it does not leave the shaft 
bottom in them. The series of dres-sing operations may be looked njjsn 
as completed when the mineral, cleaned mid ready for market, is again 
loaded into the waggons in whieh it is to bo conveyed from the dressing 
establislunont; here again an exact limit is ditlicult to fix, and it might 
fairly be argued that ojicrdtions incidental to loading the mineral on 
board ship might fairly be included, although they but rarely are. 

The range of operations that are embraeed by the subject of dress¬ 
ing, as thus empirically defined, is vciy variable. It may be as well to 
premise that the word mineral is used not in the I'estricted sense to 
which it is confined by strict inineralogical definition, but with the 
loose conventional meaning that is attached to it in mining, commercial 
and legal phraseology, and that it means more nearly the objective of 
mining than anything else. A mineral in this sense very rarely or 
never occurs in nature in the pure state, but always more or less 
intermixed with other worthless or injurious constituents, which have 
to be removed to render the mineral proper marketable at its full 
value. It is proper to remark that we occasionally have to separate 
minerals, each of which is valuable by itself, but may be injurious to the 
other ; thus a mixture of zinc blonde and galena may contain too much 
zinc to allow of its being smelted for lead, and too much lead to allow 
of its being smelted for zinc; yet when separated, the blende and 
galena would be valuable ores of the respective metals. Hence the 
amount of dressing required may vary within the widest limits, fror 
TOthing at all to what is practically complete metallurgical treatmen 
For instance, a good deal of coal is sold as “through and through” c 
“run of mine”; that is to say, the coal as it comes from the mine ; 
simply loaded into railway cars and is then an article of commerce 
Uie same is the case with certain iron ores. At the opposite en 
of the scale stands, for example, a low-grade gold quartz, which woul 
be utterly valueless if it had to be carried as such to any considerably 
distance the mine in which it is got; the only valuable Jngredifflsit' 
it may be the small proportion .of gofd that it contains, and 
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ore ie sabjected to a series oftoperations including brea]d{ig„Mli^||^ 
isetwning, crushing, concentrating, and possibly even chemical after- 
treatment, before the marketable portion of it if extracted fiwn the 
♦orthless residue. In this case (jessing and metallurgical - operations 
pass into one another so imperceptibly that ilTis scarcely possible to 
saj' where the line* should be drawn. The same difficulty is met with in 
the dressing of crude tin ore, the final stages of which oven include 
funiace operations, such as calcination, which are usually looked upon 
asrpurely metallurgical. 

Again, the proportions of valuable and worthless iugrodionts in the 
mass ot mineral as raised from the mine vary within very wide limits. 
On the one hand we may have, as already pointed out, coals and iron 
ores which are saleable as they stand, whilst with the vast majority of the 
■ coals raised in this country over i)5 per cent, of the material brought to 
bank is valuable mineral. On the other hand we find, for example, 
auriferous gravel worked by what is practically an operation of dressing, 
aided by some chemico-mctallurgical methods, in which the amount 
dressed out is about one part in twenty-five million, or diamondiferous 
blue ground, in which about one part in forty million is seiwrated out 
by a series of true dressing operations. 

The nature of the mineral substance itself has fiu^her a very definite 
influence on the dressing operations retpiired to fit it for sale. All 
minerals that are got by mining operations may be conveniently 
classified in the following five groups: 

I. Fuels, 

II. Ores, 

III. Salts, 

IV. Gems, 

V. Rocks. 

Group I contains, in the first place the various varieties of coal, 
asphalts, bitumens and other solid hydrocarbons, mineral oils, etc., 
^Srhilst sulphur may also conveniently be included. It is advisable to 
restrict the term dressing to the treatment of solid mineral products, 
,^d to exclude the various operations of refining oil (as well as the 
distinction of oil-shale), whichrolthough they might fairly be considered 
here, are so entirely difl’erent from the general scope of dressing opera¬ 
tions that they are best omitted for purely practical considerations. 

I Group II includes not only compounds of the heavy metals, but 
also such occur in the native state, so that in this sense gold quartSi^ 
, example, will be looked upon as an ore of gold. On account of 

1—3 
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tlw mode of their occurrence in depoeitsf only a amall proportiop of which 
is (rften constituted l>y the ore which it is sought to obtain, this gW>itp' 
ftimisbes by far th\ largest number of exailiples of dressing practice. 
has very often been the custom to tr^t the dressing of groups I and li 
as entirely distinct siibjects, and to speak of the washing of coals as 
a branch quite separate from the dressing of ores‘ seeing, however, 
that the principles np<m which the operations depend are absolutely 
identical, that the machines employed are always similar and sometimes 
quite the same, and that the objects of tlie oimrations are identicalnit 
appears better to treat coal-washing and ore-dressing as one and tlie 
same subject, any difference of treatment due to the modes of occur¬ 
rence and physical characteristics of these two groups being duly 
explained in its pro|)er place. 

(Iroup III is taken to include haloid salts, sulphates, carlmnates, 
silicates, etc. of the alkalies and alkaline earths, whilst compounds of 
alnmina, such us fekspar, for example, are also best considered along 
with them. 'I'ho word metal will therefore be restricted to the heavy 
metals, or, in other words, to those metals which the chemist recognises* 
as being ])recipitatud in the first three groups of chemical sepiinttion, 
alumina alone Ixdng e.'ccliided. In s]>eaking therefore of an ore deposit 
consisting say of galena and fiuorsjiar, it will lx: correct in the above 
sense to s()cuk of the funner as the metallic and the latter iis the 
nunmetallic portion, although it is quite true that fluors])ar is a com¬ 
pound of the metal calcium just as much as galena is of the metol lead; 
the above division is, however, practically a very convenient one. 

Grouj) IV contaitis a number of miucrals differing: wddely from each 
other in many respects, but having tlie characteristics of hardness and 
transparency in common; it also includes what are often spoken of as 
the semi-gems, such, for example, as opal, lapis lazuli, turquoise, etc., 
which are opaque, but are nevertheless prized as precious stones on 
accomit of the beauty of their colour and their rarity. 

Group V consists of rock masses which are more often quarried* 
than mined in the usual sense of the word. Their treatment will not 
be considered here, although the dressing and splitting of slates, the^» 
cutting of basalt or granite paving sets, ^e squaring of blocks of^free- 
Stohe, and even the polishing of marbles and similar stones might po^Wy 
be looked upon as forming a portion of the subject. As the meaning 
that is here given to the term dressing of minerals is, however, qnl^p^ j 
emidrica], it is best to exclude all these operations, which may in i 
s^Me be looked upon as forming t^e basis’ of separate tra^, ant^^ 
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j^trict tBe term ‘dressing withA the limits abore indicated, namely,‘t« 
the separation of mineral constituents from each ^er. 

\ Finally, the nature of dressii^ operations in «ny given cHte will 
depend upon the mode of occurrence of the minerals. (Jiven that a 
mineral mass coiijists of two constituents which have to l)e separated, 
itawill obviously make a great difference whether these constitOents 
occur loose, as in gi-avels, or closely coherent, tw in veiustuffs, and 
whether they occur individually in large masses or in very fine particles. 
tCc sizes of the {wrticles of mineral in a deposit may vary witliiii very 
wide limits indeed; at the one end of the scale may l)c placed such 
occurrences as coarsely crystalline pegmatite, as an excellent example of 
which the stanniferous granite rocks of Dakota may l)e quoted, with 
individual crystals weighing several hundredweights, and at the other 
end of the scale may be placed cerbiin gold ores in which the gold 
occurs in a state of subdivision such that the [Articles are invisible 
except under a tolerably i)owciful microscoi)e. 

• It will be obvious, from what has la-en said, that the dressing of 
a mineral mass may under certain circumstances consist of a series of 
very complex operations, whilst in other cases it is an extremely simple 
matter. A satisfactory classification of the entire subject is accordingly 
scarcely i)ossible; the method here adopted will Ihj to descrilHS in the 
first place the various intlividual oiKjrations and the machinery em¬ 
ployed in their execution as so many indeiMjndent units, and then to 
point out how these various individual ajiplianees 87id processes are 
combined to produce the desired result in efich |)articular case. This 
method of presenting the subject has the further advantage tliat it 
accustoms the student to the great elasticity of methods, which is one 
of the characteristics of dressing practice, and enables him to spe that 
there are usually several methods available for attaining the end aimed 
at; as a matter of fact it very often happens that several different 
combinations of the same, or even of different, operations will often 
produce in practice results so nearly identical that even the experienced 
engineer will hesitate which to select, and that local custom will often 
be found to play an important part in the final decision. * 

Ofe-dressing operations depend upon differences in the properties, 
of Ae minerals to be separated from each other, and are simpler in 
proportion as these differences are greater and more strongly marked, 
properties of which advantage is taken for these purposes may be; 

I, MeAanical: brittleness or toughness or friability; hardness 
sdHsaess; form, mie, m- structure. 
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’ IL Physical: eoloar and lustre*; specific gravity; * magnetic, 
susceptibility; electee conductivity; surfjuie adhesion to liquids. 


iir Cliemicai: solubility ; actipn of heat and certain chemicaT 


‘agenta. 

The processes to be eniploj'cd depend upon which 6f these properties 
can be made available, their importance in this respect being very 
unequal; some are almost universally applicable, others only in very 
special cases. The individual processes admit of no very exact 
classification, and can lie combined together in almost infinite variation, 
even the order in which they are employed being sometimes a matter 
of indifterence. For the purpose of facilitating their study they are 
best perhaps gronjied ns follows: 


I. Processes depending on mechanical properties: 

(a) Sim[)le volumetric sizing, i.e. separation of larger particles 
from smaller, 

(h) Picking or sorting, i.e. separation of valuable from worthless* 
minerals, or of difterent varieties of valuable minerals from each other, 
by the eye alone; in this form and structure are very important, but 
the physical properties of colour and lustre are scarcely less so, whilst 
the trained hand of the sorter even uses specific gravity to aid him 
in his selection. 


(c) Breaking or Comminution ; this may be either a i)reliminui'y 
to picking or to more elaborate processes; it may either precede or 
follow sizing, or the two operations may alternate, even several times 
in some casea Breivking may be subdivided into : 

( (i) by hand, 

I (ii) by machinery. 

(/9) Fine breivking or crushing. 

Hand breaking is very often combined with picking. 


(a) Coarse breaking 


(d) Washing to remove adhering mud, dust, or dirt, sometimes 
merely as a preliminary to picking, sometimes as a complete process. 

II. Processes depending on physical properties: 

(a) Separation according to specific gravity. This forms faf far 
the most important portion of the whole subject of dressing, and may 
be subdivided as follows : */ 

, (a) ’Separation in fluids of sf^ific gravity intermediate between 

• thoee of the bodies to be separated, the fluids being generally at res^''^ 
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. iff) • hydraulic separatioif in currents of water; the great nuyority 
<A dressing processes are included under this head* 

( 7 ) Pneumatic separation. 

(b) ’Magnetic separation, a{iplicable wliey one of the minerals 
to be separated is either naturally more magnetic than the other, or 
else is readily rendered magnetic, e.g. by heating. 

(c) Electric separation, applicable when one of the bodies to 
be separated is more readily electrified or a better conductor of 
electricity than the other. 

(d) Sejmratioii by surface tension, depending on the greater 
adhesion of fluids or gases to the surfaces of certain of the mineral 
particles. 

III. Processes depending on chemical properties. 

■ These are very rarely used; they may consist of: 

{a) Solution in water, followed by crystallisation, evaporation, 
or precipitation. 

(h) Solution in acids. 

(c) Solution in mercury. 

{<!) Special chcmico-metallurgical operations. 

Tills last group of processes rwpiires little more than a bare 
mention, as they arc scarcely included within the limits of subject as 
here defined. 

The material which the dresser has to treat depends uixm the 
nature of the mineral deposit to be exploited and upon the method of 
exploitation adopted. The study of eat;h of these respective conditions 
fonns an independent subject, the fonner, which is strictly speaking a 
portion of economic geology, licing generally spoken of as the science 
of Mineral Deposits, the latter constituting the Art of Mining properly 
so called. The student must be referred for information upon these 
subjects to the works dealing specifically with them; a general 
acquaintance at any rate with their essential portions will here be 
presupposed. In one sense dressing operations may commence to a 
certain extent underground; thus when a mineral deposit is very 
varitJble in character, if it is rained by any method that necessitates 
the leaving of pillars, care will be taken to so lay out the work that the 
poorest portions shall be left, whilst the richer shall be extracted. Or 
vHten the entire mass of the deposit is excavated, barren portions 
will often *be left behind in the mine and packed in the spaces fronw 
j^iuoh the mineral has been remold, and only those portions sent out 
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for treatment which promise to repay ftie cost The questiicfti to what, 
extent such uodergKund preliminary sorting should be carried is a 
complflM one, depeVmig uixm the character of the deposit, the kinij^ 
and cost of labour available, the expliise incurred in hoisting and after 
treatment, and a nnm^r of similar ceoiioinie considerations. It has 
repeatedly happened that the worthless “deads” of one generation 
have lieen found capable of lieing c.vtracted and worked to advantage 
by another. 

The number of mineral .substances that may require treating 6y 
dressing is very large indeed, and the mineral dejiosit itself is at times 
a highly complex mixture of different mineralogical species, this lieing 
more cspceially the case when the contents of mineral veins are being 
dressed. An engineer in charge of dressing ofierations ought necessarily 
to be a eonqietcnt mineralogist, able to recognise the various minerals, 
and conversant with their iiroperties. A very great number of these 
minerals occur but rarely, whilst others are almost invariably present. 
In addition to true mineralogical species, a number of rocks are* 
likely also to bo met with, the general characteristics of which must 
also be known. 

In the following table a list is given of all the more commonly 
occurring minerals and rocks that are likely to lxi met with in ordinary- 
dressing operations, together with the more imiiortant of their properties 
which can be made available for the separation of the minerals from 
each other or from the rocks in which they occur, or with which they 
may lie associated. 


(Jkoui’ 1 . Fiteh. 


Mineral 

Specific 

gravity 

HardiiesH on 
MobH'H scale 

Other properties ’ 


1*2—1‘87 

0*5 —2 



18—1-H 

2-2-r) 

. blockH; brittle 


115—1*3 

: ()-5—1*5 



0*9—1-B 

' 1-2 

friable 


0-8—0-9 

0-6—1 


Sulphur . 

Graphite . 

2-1 

2-2*2 

^ 1-6—2*5 
: 1—2 

Melta about 110° C. 

Very fissile 










Group II. Ores. 



Specific 1 

1 Hardness on 

...... 


gravity 

1 Mohs’s scale 

Other properties 


!/)■&—*9-5 
17~22’5 

! 2-r)-8 

4—6 

Solubl^i^crcury; malleable 
MalleJil/^ 

„ ?latimim . 

„ Silver . 

Silver glaice . 

: 10—11 
i 7-2—7-4 

2-2-5 

Soluble in mercury; malleable 
Soinw'hat Noctilo 

Proufttito. 

; r)'4--r)-6 

2—2-.5 


Pyrargyrito .. .*. ... 

^ r>-7-r)-9 

2 - 2-5 

Brittle 

Kerargyrite. 

1 

l—lo 


Native copper. 

' 8'K-8'9 

2-5 -;-j 

Malleable 

Copper glance . 

c>‘i) - r>*8 

2-5~8 


Copjier pyrites . 

4-i--4‘n 

8-5-4 

i 

^k-Ialachite. 

a-7- 4 

a-5 - -4 

1 

Tetrahodrite . 

4-ry .'i-l 

;j 4-5 


Cinnabar . 

: 8-9-9 

2 - 2-5 


Galena. 

7'2— 7-7 

2-5_;-{ 

i Cleaves easily into cubioal frag- 

CeniHsitc. 


8--.8-5 

inents 

Anglesitt;. 


2-5-;{ 

Pyroinorpliiti'. 

f)-7-l 

8-5—4 


Bonrnonite . 

5-7 - r)-9 

2-5-8 

Brittle 

C'assiterite . 

l)-4-7-l 

6-7 


Stibuite . 

4“’) 4-(» i 

2 


Bisinuthite . 

0-4 7-2 

2 


Pyrites. 

4-8 -rr2 

C-6-5 ! 


Marcasitc. 

4-7 4-0 : 

o-O'r) 1 


PyiTliotitc . 

4-4. 4-7 

8-5—4-5 [ 

Brittle, magnetic 

Mispiclcol. 

6-0-•(5-4 ; 

5-5 -6 

MagiK'titi'. 

4-9. .7-2 1 

5-.5. 6-5 

Strongly magnetic 

Haeniatito . 

4-r> Ci-ii 1 

5-5 --6*5 

Brown haeniatito . 

;pr). 4-4 

8—5-5 


Spatliic on;. 

;i-4-Ji-9 

8-5-4-5 


llnieiiitti . 

4 

5- 6 

SoiiK^tinicH slightly luaguetie 

Chromite. 

4-8. 4’r> : 

5'5 

Sometimes slightly magnetic 

Pyrolnsite .' 

4-8 4*9 ; 

2-5-5 


4-2 .. 4-4 

4 



8-9 •4-2 ! 

8-5- 4 



4 4-6 ; 

5 



7.1—7-6 

5 5-5 





Group III. Snlts. 


Mineral 

Specific 

gravity 

Hardness on 
Mohs’s scale 

Other properties 


2-1 -2-6 

2-5 



1-6 

2 



8—3-2 

4 

Easily cleavable 


2-9—3-1 

2-5 


2-5—2-8 

2-5—8-5 

Very easily cleavable into rbom- 
bohedral fragments 


2-8—2-9 

a-r>--4 


2-8 -8-2 

8-5—4-5 


4-3—4-4 

8—4 



2*3 

1*5—2 



2-5 

2-5 

Soluble in -water 

Barytes . 

4^*7 

2-9—8 

2-5—3*5 
4*6—7 


2-0~2'8 

1*5—2 

Soluble in water 


2-8—8*2 

4-5-5 


2-2—2-6 



2‘fi 2*8 

6—7 

• 


2'7—8-1 

•2—8 

Cleave readily into thin plates 
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Ghodp IV. ' Gem%. 


Mineral 

Bpeoific 

^favity 

Hardnep on 
Mohs’s scale 

1 

Other propertiea 

Quartz... 

2-r>—‘2-8 , 

7 

• 

• 

Diamond. 

B ~r> 

10 

Easily cleavable 


B*9 4*2 

9 


2-6 2-8 

7’.'> 8 1 


Spinel . 

3-5—4-9 

8 

• 

Garnet. 

B-1-4-3 

6-r)--7‘r) ! 


Topaz . 

B-4—«*7 

8 i 

ClcavcH with moderate ease : 

Zircon . 

4-1—4-H 

; 


Opal. 

1 1*9-2-H 

r)T)—6-5 


Hornblende. 

2-9-B-7 

5—6 


Augite . 

8T--3-6 

5—6 

1 

Tourmaline. 

2-9-3'B i 

7—7-5 



Group ItatikH. 



Bpuuitlu 


gravity 

Basalt . 


Diabase] i 


Diorite f . 


Oabbro ) 




Trachyte \ 


Andesite \ . 

2-3--2-8 

Rhyolite J 


Gr^te. 

2-6-2'7 

Quartz ixiruhvrvi 


Felditc f. 


Gneiss . 

2-0—2-7 

Crystalline schist . 

2'7—8-1 


2-5-2-9 

Shale . 

2-5—2-8 


1-9 


1 '5 

Limestone . 

2-5--2-7 

Marble. 

2-7—2-8 

Oolitic limestone . 

20—2-4 

Chalk . 

' 2-8—2-6 

Magnesian Limestone 

! 2-7—2-9 

Sandstone . 

2-2-2-6 

Sand. 

i 1-5—1-9 

Shingle.. 

i 1-4—1-6 


liai'(lii(‘hK uii 
MoIih'b scale 


Uthui property > 


At tiiiiuH Honic’wliat 


1 



































CHAPTER II. 


VOLUMETRIC SIZING. 

Theory of sizing. The sizing of a ((uantit)' of broken minerals 
is the operation of dividing it into two or more parcels according to 
* the sizes of the particles; it may be applied eitlier, to mineral as it leaves 
the mine, in which ease the difference in size of the various pieces is 
due either to their mode of occurrence or to the action of the explosives 
or other means employed in their extraction, or it may Ix) applied to 
niineml which has been previously broken or crushed in the course 
of dressing; it may be a preliminary operation either to breaking or to 
picking, or it may be an intermediate oi>eration Ixitween coarse break¬ 
ing and fine crushing, or it may form the last stage of the process 
of crushing, and will then generally be a preliminary to hydraulic, 
pneumatic, magnetic or some other mode of separation. Sizing may 
therefore be applied to pieces of minerals of very widely varying dimen¬ 
sions from big lumi)s measuring say a foot or more in any direction 
down to the very finest flour; it is obvious that the apparatus employed 
will have to vary accordingly. , 

Sizing is always performed by passing the material to be sized over 
a screen or a aeries of screens, a screen consisting of a plane or curved 
surface provided with apertures of various shapes and of the required 
dimensions; these apertures may be either long slots, or round holes 
or dlse square, rectangular, hexagonal, octagonal, or diamoud shaped 
apertures; they may be formed by assemblages of bars, by variously 
perforated plates, or by gauzes, woven in various ways, and made almost 
invariably of wire. 

The portion that passes through the apertures of a screen is spokey 
^ SB the “ Undersize ” of that scrOen, whilst tlie portion, which consists 
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of pieces too large to pass through, is Ipoken of as the “ Oversize.” of 
that screen; the twn “ Reject ” is sometimes used instead of the 
latter,4ut the wo\* Oversize” ap^ars to be preferable. ^ 

The theory of sizing is at first sight excessively simple, slcpending 
merely on the obvious fact tliat a particle will drop through a hole 
larger than itself I n reality however it presenfs a series of most coiji- 
plicated j)roblems, the solution of which has barely Ixien attempted. 
Theoretically a particle (say a sphere for the sake of simplicity) should 
fall through a hole of the same diameter as itself in an infinitely thin 
plate. Practically, however, a hole through a plate of definite thickness 
forms a tube and the resistance of the walls of the tube will prevent a 
sphere of exactly the same size as the tube from falling down it. In 
order to jiass through a screen therefore, a sphere must be of smaller 
diameter than the holes in tlic former, and the difl'crenee will have to be 
greatest if the holes are circular, less if they are sijuarc or diamond 
shaixid, aurl least if they are slots long in proportion to their width. 
Ihe thinner the iilate also, the larger the particle tliat can fall through i 
an aperture in it of given size. Little more than the above vague 
statement can be given as (juantitative determinations of the relative 
sizes of particles and meshes are still wanting. Tlie shaiie of the 
particles to be sized is also a factor of great importance; it is 
evidently possible that a long columnar iiiecc might pass through 
a round hole, thougli its length be inneh greatei' than tlie diameter 
of the hole, and a flat piece will even more readily pass through 
a screen consisting of bars, provided that one of its dimensions 
(its tliickness) hv- less than the sjiaee between the neighliouring bars. 
It is jiossible in any case to determine a sphere which would have the 
same weight as the avemge of the largest pieces that pass through a 
screen and this may be called their “equivalent sphere.” Rittinger has 
found that, using stjuarc meshes, the diameter of the equivalent sphere 
is equal to 

0*73 of the width of the mesh for spheroidal fragments 

h'd7 „ „ „ „ tabular „ 

„ „ „ „ columnar „ 

No data are available respecting the ratios of the equivalent 
spheres of particles screened through apertures of various shapes, but 
those will obviously be greatest in the case of long slots, less for square,* 
^d least for round aperturea In screening coal it has been* found in 
one c^ that as much small is taken siut by bars placed 4 inch apart aiX 
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J>y round Jioles 1 inch in diamAer punched in an iron plate; the con-' 
struction of the screens was however different in the two casea 

Sizing is generally perfdhined dry; it is, how^r, also done^ 
Vet, either under still water or ii^ a stream of running water. It must 
however be borne in mind that although d^' screening and wet 
screening are both quite feasible and extensively used in practice, it is 
impossible to screen stuff in an intermediate state, i.e. moist Moist 
mineral clots together and refuses to screen, and at the same time clogs 
tlwi screen apertures, esj)ecially in the finer sizes; such material can 
only be sized by either firet thoroughly drying it and screening it 
dry, or else by screening it in water, either flowing or at rest 
It will be seen in the Be(|uel that in a large imml)er of screening 
appliances, the minei'al to be screened is allowed to slide over the 
surface of the screen. The determination of the angle at which sliding 
takes j)lace is a matter of some importance, and it is necessary to 
distinguish laitween the angle at which a mineral just commences to 
^slide (a) and that at which it continues to slide at a uniform vehicity 
after it has started from rest (</>); no j)iece of the jiarticular 
mineral can remain at rest u|)on a metal surface iuelineil nioro highly 
than a, and none Ciui permanently continue in motion uniler the acition 
of gravity alone, upon one inclined less than </>. 'I’he following deter¬ 
minations were made ujjon moderately large rough lumps of the various 
minerals sliding u])on a smooth steel ])late. 




CoelficientH of friction 


Minm) 







a 

^ tan a 


tan 0 

tan a 






tun 0 

Coal. 

3(r 

1 ()-r.77 

26'' 

0*488 

MS-4 

Quartz . 

‘jai" 

i ()-477 

20" 

0*864 

1*810 

Magnetite . 

28' 

i 0*582 

IHj" 

0*840 

1*564 

LinicRtone. 

8^“ 

0*618 

21- 

0*884 

1*596 

Galena . 

24' 

0*445 

Ifl" 

0*208 

1*660 

Zinc blende . 

2,'5’ 

0*460 

isr 

0*282 

1*652 

Fibrous red liaeiiiutite 

2Gl“ 

0*472 

16i“ 

0*296 

1*594 

CaJespar. 

27' 

: 0*510 

•20^ 

0*864 

1*401 


D|llgnatlon of apertures. Slotted apertures are designated by 
tte width of tlie aperture in the ejear, square holes by the side of the 
square, rqpnd ones by their diameter; in the rarer case of diamond 
stuped boles the Iwgths of both diagonals must be given. Occasionally* 










"1|( • The Dremng of Minehile ^ , 

'*with coatee woven screens, the size oflmesh from centre tc^ centre 
* stated instead of width in the clear. When these dimensions • are 
'+compf^tively lar||,Vhey are expressed tn this country in inches or 
fractions of an inch; decimals ar^ however much to be preferred 
For the finer screen* certain trade numlxTs corresponding to the 
diameters of needles that will just pass through the apertures are 
often employed, esiKicially in America; sometimes the number of holes 
to the B(|uare inch, or more rarely, to the linear inch, is given, but this 
is scarcely even an approximate guide to the real size of a])ertn»e, 
except ill the case of wire screens. These trade customs, though very 
’ general, are unsatisfactory and the practice in various parts of the 
world is far from uniform ; it is far more convcinent to express the 
widths of all apertures (the minimum width if one dimension is the 
smaller) in decimals of an inch or in millimetres. On account of the 
differences in the description of screens when made from perforated 
metal sheets and when made of woven wires, the two are best considered 
separately. 

Perforated plates. The following table^ represents the general 
trade practice in designating the widths of screen apertures, the average 
number of round holes })er square inch being also given ; 


Needle 

Number 

Diameter of hole 

No. of holes to 
the Hi^uare inch 


inch 

mm. 


1 

0-0.57 

1-40 

i 

s 

‘2 

0-048 

1-225 

1(K)—120 

H 

0-041 

1-05 

180—160 

4 

0-(m5 

0-87.5 

140—100 

f> 

0-0‘29 

0-75 

160—200 

6 

0-027 

0-675 

160—200 

7 

0-024 

0-60 

240—280 





9 

0-020 

0-50 

260—300 

10 

0*018 

0-45 

260 -300 

11 

0-016 

0-413 

800—360 

12 

0-015 

0-375 

300—360 


In Cornwall an entirely different scale is used, it being there mdinly 
applied to the “grates” of stamp mills. According to Messrs Holnuut' 
Brothers, Ltd. of Camborne the Cornish practice is represented hy the 
following table: , • * 

• • 

' From A Handbook qf Gold MiUi%g, by H. Louis, 3rd eda, p. 139. 4 





Sizing 


t 


Coniifib 

Equivalent 

scale 

needle number 

• 


.>i:t • 

1 

94 


Bf) 

8 ^ 

96 

4 : 

a7A 

6 i 

liH" 

7 ! 

99 

H 

994 

9 

40 

10 

4] 

11 

42 

12 


The j)nictiec of spiicing the larger holes varies a good deal; very 
often holes less than [yiii inch in diameter are spaced at distances 
aj)art e(iual to their diameters, and holes over 1 inch in diameter at 
distances wpial to their radii, intermediate sisies being spaced pro- 
•portionately. The thickness of sheet or plate from which these screens 
are manufactured also varies a good deal, many makers having three 
grades—heavy, medium and light for each size of hole. The following 
table shews an average practice for medium weights of metal: 


[ Difimptor of IkjIo 


inch 

O'OJT) to ()•()» 
0-(m to {H)G 
Om to OiO 
O'lO to 0-15 
0-15 to 0-20 
0*20 to 0-8 
0-9 to o-r> 
0-r) to I’O 
above I’O 


ThicknenH of 
Htocl 


inuli 

i to 0-()2 ' 

0*02 to o-oaa i 

0*()2.'5 to 0-05 ! 

O-m to 0-06 j 

()-(>4 to 0-10 I 

O'OT) to 0-10 I 

()-10 to ()-2() ! 

0-10 to 0'2r> ; 

O'liO to 0-4 


Instead of steel sheets, iron is sometimes used; for small holes 
closely set, Russian sheet iron is much liked, or copper, brass or gjju- 
metal is at times used instead; when the last named materials are 
employed, the sheets may with advantage be a shade thicker than in 
t^e case of iron or steel Perforated sheets are invariably manu&ctured 
by punching; the result of this process is that the holes, particularly 
in the case of the smaller sizes, are ponical or trumpet shaped as shewn’ 




• The Dresnng of Mimralt 

^ ^ * • 

iliagraminatically in the mibjoined magnified section, Fig. 1., The burr 

thrown up by punchuig may either be left on, forming what is knom-as 
a bu^'^ or inden^^ screen, or it may brf ground off, forming aj>lain 



Fig. 1. Jiurr of scrooii. 

screen. In the coarser sizes the pieces arc punched clean out, thus 
making always plain screens, alike on both sides. • 

Woven wire screens. Woven wire st^reens are randy used for any 
size of mesh exceeding d inehes s(piarc and arc best confined to sizes 
less than alK)ut 1 inch. For finer sizes they are in many res]»eets 
preferable to punched ]>latc screens, and can be made much finer than 
the latter. Their material is usually steel wire, but iron, coi)|)er, bronze 
or gun-metal, and brass are also used; brass is especially suiUible for 
all sizes finer than 40 meshes to the linear inch. The following table 
shews the thickness of wire that is generally used for the manufacture' 
of a screen of any given mesh. There is however much variation in the 
practice of different makers, whilst each maker will usually furnish one 
and the same mesh made with various gauges of wire according to the 
purpose for which it is to be used. 


Meshes per 
Imear Incli 

Clear width of 
mesh 

Thickness 

of wire 



me 

\ 


iiich 

1 

0-7r) 

to 

0-89 

0-25 

to 

0-11 

•2 

0-I52 

t<) 

0-48 

0-lH 

to 

0'07 

8 

0-20 

to 

0-27 

0-18 

to 

0-005 

4 

O-lf) 

to 

0-20 

0-U) 

to 

0-050 

5 

o-ior> 

to 

o-k; 

0-095 

to 

0-04 

6 

0-085 

to 

0-18 

0-08 

to 

0-085 

7 

0-07 

to 

0-11 

0-075 

to 

0-08 

8 

0-(Ki 

to 

0-10 

0-065 

to 

0-028 

9 

0-058 

to 

0-086 

0-058 

to 

0-025 

10 

0-051 

to 

0-07H 

0-049 

to 

0-022 

12 

0-041 

to 

()-063 

0-042 

to 

0-02 

14 

0-086 

to 

0-058 

0-035 

to 

0-018 , 

10 

0-084 

to 

0-046 

0-028 

to 

0-016 : 

18 

0-080 

to 

0-040 

0026 

to 

0-014 I 

20 

0-028 

to 

0-088 

0-022 

to 

0-012 ! 

80 

0-019 

to 

0-024 

0-014 

to 

0-009 1 

40 

0-015 

to 

0017 

0-01 

to 

0-008 I 

60 

0-010 

to 

0-018 

0-007 

to 

0004 

80 

( 

-oil 

fO-OCW-i 


100 

0-007 

\ to 

> Brass 

120 

0 

•006 

lo-oosj 

1 








Vo^tmtric Siatinff 'W 

^ ureas may ne used for a^y size ef meeh, but its nae is genereliy 
reetricted to the finer sizes; it is usual to emplay a rallier thiiyior 
gauge ofabrass wire than would be the case if steel^^^ being use^ 

■ A modified form of wire gauze is what is known as “ Locket work ” ; 
this consists of comiiaratively stout round iron*rods, i to f inch in 
diameter, running across the screen, spaced at 4 inch to 5 inch centres; 
rouifd these rods are wound wires, running longitudinally, several turns 
being taken round each rod, so as to leave the requisite width. The ar- 
rangemeut is shewn in Fig. 2 ; the meshes thus formed are usually 3 to 
3i inches long in the clear, and their widths usually vary between J inch 
and 1J inches. Loeket work affords a smoother surface than ordinary 
wire gauze, but is much heavier, and has the disadvantage of presenting 
a rectangular (long and narrow) aperture. When a wire breaks it has 
to be drawn ont and a new wire i)ut in its place from end to end of the 



Kiy;. 2. heckut work. Kig. .t. Hcctiomil lockot work. 


screen. To got over this objection so-called “sectional locket work" 
has been introdueerl, in which a wire runs continuously oidy over one 
pair of adjoining rods, as shewn in Fig. 3'. It does not however make 
a good screen, and has never lajen much used. Obviously locket work 
is only suitable for coarse screens, and should never be used for less 
than i inch mesh. 

An attempt has recently been madelby the Institution of Mining and 
Metallurgy to devise standard screen meshes, those selected being square 
meshes of woven wire, in which the width of aperture between the 
jvires is equal to the diameter of the wires, so that the width of mesh is 
knowq when the number of meshes to the linear inch is given. Such 
screens are useful for laboratory tests, so as to secure uniformity, but 
are useless for practical screening. 


^ 7Van«. Tmt Min. Eng., “Improved Coal Screening and Oleauing," by 
VT. K. Fonfer and H. Aytun, YoL L H8S-S0, p. S3.. 
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Screens. 

Hie complete imi^ening appliance conaists of the screening surface 
(bars, perforated {nates, woven wire, etc.) and of the ftamework that 
carries the former. For the pur|) 08 e of the present work,»screens will 
be classified into: 

1. Fixed screens. 

2. Moving screens 

(а) in which the screening bars alone move, 

(б) in which the entire ap{)liance moves. 

Fixed Screens. Hiis is the simplest form of screening appliance, 
and is still largely em{)loyed, consisting simply of a screen set at a 



Fig. 4. Porspeotivc view of (irizzicy. 

suitable angle so that the mineral to be screened can just slide down 
the inclined surface whilst tlie finer {larticles fall through the screen. 
These screens are nearly always made of bars arranged longitudinally, 
and held by bolts at suitable distances apart; the frame usually consists 
of a couple of planks set on edge on either side of the bars; thes* 
planks are best lined with sheet iron to avoid undue wear. Tlie follow¬ 
ing are tyiies of this form of sizing appliance. 

Oilssley. The grizzley shewn in Fig. 4 is largely u^ied for the pjje- 
liminary screening of ores, as the first stage of dressing. It consists of 
iron bars placed on edge, and held at the required distance apart by 
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l^ts passiqg Uirough them, with washers threaded upon them alternately 
witii the bars. Such washers can be made either |rom short lengths of 
tube or by bending pieces of flat iron. The grizzley^rs are som^imes 
made of flat iron, 2 to 3 inches deep, ^ to 1 inch thick, spacM ^ to 
3 inches apart It is Ixstter that the bars should Sviier downwards as in 
Fig. 4, and as shcwii in cross-section Fig. a, so that any pieces of mineral 
that'can enter the slots, are able to drop through, and thus avoid choking 



the bars. Old T-headed rails, placed heads downwards, make very good 
MDUgli grizzlcy bars. With all these bars however there is a chance that 
a small flat piece of mineral may ride down on top of the bars instead of 
dropping through the simces between them. To avoid this objection the 
top of the bar has been made ridge-shaped as in Fig. (I, this being the 
shape adojited at the Bascoup Colliery in Belgium, whilst Fig. 7 shews 
patterns adopted for the same reason in Pennsylvania, (irizzleys are 
usually 8 to 12 feet long and 3 to 6 feet wide ; 10 feet long and 4 feet 



Kig. 7. Sections of Gri^zloy bam. 


wide are very usual dimensiona ITie angle which the bars make with 
|he horizontal is usually between 40° and 00°; it should be such as to 
allow {he mineral to slide down smoothly and quietly, and so slowly Is 
to give ample time for screening to take place. 

The grizzley should always be so situated that the mine cars can bo 
Imought in at such a level as to be tipped on to the head of the grizzley, 
whilst the gversize &I1 b from the foot into other cars or else passes 
to the next nrocess it has to undergo. The undersize, that passes 

2-2 
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through, i8 either collected in bins or*else drops into a copveyor that 
removes it as fast a^it drops down. 

Qfizzleys are liimictimes also arranged for washing dirty mineral, a 
stream of water playing onto the latter as it slides down the bans. 

Usually the spacing of the gi-izzley-bars is fixed definitely at the time 
of eonstrnetion, but it sometimes, though rarely, happens that the width 
of slot is resjuired to be adjustable within certain limits. This is best 
attained by making the distance pieces between the bars of a number 
of coinptiratively thin horseshoe-shaped washers, one or more of which 
can l)e taken out from or inserted into each space as required. Ad¬ 
ditional bars can also then be put in or removed so as to keep the 


tnT 



Fig. S. (ieiieral ftrraiigeniont of Fixed Colliery screen. 


total width of the gi'izzley always the same. The same object is some¬ 
times attained by a complicated arrangement of long right and left 
handed screws passing through all the bars and by various other 
devices, which present the advantage that any change required call 
be made more rapidly than by the first method; they are however 
g^erally looked upon as too complex and delicate for such rough worh 
as screening coarse mineraL 


Coal Boreens. Fixed screens were at one time largely used for 
screening coals, but, for the reasons given below, their use has bObn 
almost entirely discontinued. They consist of bars of flatiron usually 
about 1 inph by 1| inches spaced ^ inch to 1 inch apart, set at ai^ angle- 
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of'eib 9 ut 4$°; the screens are usually 14 feet to 18 feet long and 3 feet 
6 idches wide. About | way down a flap door (B, Fi|. 9) is placed turning 
about its upper horizontal edge; this is usually drived, so that j^en a 
tub is tipp<j,d the coals can only ^ide as far as^he door. When the 
sorter at the font cf the screen is ready tor the coals he lifts the door by 
pullhig the handle and lets the coals slide quietly down the screen ; the 
object of thi.s arrangement, known in various districts as the “Kepiter” 
or “Kccixjr,” is to let the coals down gradually so as to minimise breakage 
and* also to keep the coals of each tub seiairate till they have passed 




•the soiters. Tlie general arrangement is shewn jn one of its usual 
orms in Fig. 8, and the detail on a larger scale in Fig. 9'. 

Mention may be made here of a type of screen which though really 
fflted, resembles' moving screens in its results; this is the Mcllermott 
sizer, which consists of a fixed inclined screen of small mesh, over 
which material is caused to travel by the pulsations of the water in a 
box im which the screen is fixed, these pulsations being caused as in the 
ordinary jig (see page 257). It is said to do good work on fine sizes. 

•2. Moving Screens. The objections to fixed screens are tliat they 
rapidly becqpie choked up or “dumb” in screening wet material; that 


‘ Tram, Min, hut. Seot. Vol. xi. p. 183. 
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ffliail pieces may ride down upon lai^er ones and the sizing thus-‘be 
very imperfect; that they require a great fleal of head-room ; that they 
need*Bttention aiiAnore or less liand labour; and finally that they break 
up the mineral a great deal, this lasf objection applying m()re especially 
to the screening of such a material as coal, in which,the large lumps or 
“ round ” coal are in many cases worth very much more than the small 
Accordingly it will be found that a very large proportion of moving 
HCTeens have been devised ])urposely for the sizing of coal, the main 
object in view being to accomplish a thorough sizing with as little 
breakage as jiossible of the coal. 'J’wo or more, sometimes as many as 
half a dozen, sizes may lx; made sininltaneously, the re(iuisite number 
of screens Ixjing arranged either vertically or horizontally in their 
proper order, and cither workeil independently of each other, or else all 
simultaneously by the same mechanism, lliere are obviously two ways 
of arranging such multii)le screens: either those with the largest 
apertures may come first, when all that refuses to pass through the first 
screen or its over-size forms the coarsest size, whilst the material 
that passes throngh, or its uiidcr-size, goes to the next screen, and so 
on. The refuse or over-size from each screen thus forms the sized ' 
material, whilst the screenings that pass through, or the under-size, need 
further sizing. In the other mcthoil the finest screen comes first, and 
then the under-size from each sieve form the sized material, whilst the 
over-size has to be sized further. The former system lends itself the 
more readily to the nesting of flat screens of the type now under coii- 
sideration, and is moreover free fi-om the serious objection that if the 
finest screen comes firat it is apt to be worn out unduly by the coarse 
material passing over it: coarse screens on the other hand being made 
of stouter material can better resist the wear due to large rough 
fragments and to the larger amount of material that passes over them • 
if the first method is used. Hence w’e shall find that the former method 
is practically always employed except in the cases in which a series of 
screening surfaces are set one following the other in the same planfe, 
when the first must necessarily be the finest. Such screens will here 
be called compound screens, whilst those arranged on the first pUui, one 
over the other, will for the sake of distinction be spoken of as complex 
screens. 

2 (a). Screens, the screening bars of which alone move (inde¬ 
pendent motion of bars). These screens are mostly bar screens or scre&is 
of some siiuilar type, for the obvious reason that quite independent motion 
jipii only- be attained when bars are used ; with punched plates orowove^. 




Fig. 10. Old Briart 
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wire the mtire gcrwning surfiice, or at least a considerable s^ion o£Jt, 
must of oonrse mov^ as one piece. The objection already stated to bar 
screens, namely th^ they allow large pieces to pass through if flat, has 
to some extent militated against the more extended use of some of 
these screens 

Briart Screen, This screen was designed by M. Alphonse Briart 
and employed in l(t7U at the Bascoup and Marieniont Collieries. The 
original form is shewn in Figs. 10 and 10*’. It consists of bars alternately 
■fixed and moving, all being in one plane when the latter are at rest in 



one particular position. The alternate moving bars are secured in 
a frame the lower end of which is hung by means of swinging, links, 
whilst the upper end is connected by rods to a pair of eccentrics 
keyed in parallel positions on a driving shaft. During one half of the 
revolution of this shaft, the moving bars are above the plane of 
the fixed bars, and below that plane during the other half. The 
direction of revolution of the shaft is such that the eccentric is moving 
in the direction from the top to the bottom of the bars during the first 
lialf ; hence when coals are thrown upon the upper end of the screep, 

' PM. lie la See. du Pmnaut, “Note sur un Bysttme de Triage MiSoanique,'’ by 
Alph. Briu^ ^riaa H. VoL iv. 187.'l, p. S7. 
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those resting upon the moving* bars are carried forward towards & 
lower end during tliis half of the revolution of the^haft, and are at res 
during the otiier half, supported by the fixed bara ^t the above «mne. 
colhenes pairs of screens are arranged one above the other, the bar 





of the upper one being about 6 inches and of the lower one 1 ‘5 inches 
apart; the capacity of this plant was about 60 tons per hour and its 
power consumption 2 h.p., the shaft making 35 revolutions per minute. 
It wu found that this screen made fully 5 per cent less smalls than the 
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old type with fixed bars. In some careflil trials it was tQuna tnat a 
single screen cnuld^rork up to a maximum of 80 to 100 tons per hour, 
takii^ r626 lh.i^ of which 35 j)er cent.* was absorbed by the engine, 
.38 per cent, by the screen running empty, and 27 per cent, in moving 
the coal 

Tliis screen was soon improved l>y making both se’ts of bars movable; 
each is attached to a suspended frame and each is actuated by cftiiiks 
or eccentrics set at 180° to each other, the direction of revolution being 
such that it is always the set of bars that 
is above the other that is being moved 
from the top towards the bottom of the 
screen. The coal is thus carried forward 
during one half of the revolution by one 
set of bars and by the other set during the 
second half The capacity of the screen 
is thus greatly increased, whilst the coal 
docs not >indergo any rougher treatment. 
Such a screen is shewn in Fig. II. 

The objection that flat pieces may fall , 
down between the bars has been overcome 
by an arrangement adopted in several 
Westithalian Collieries. Here the bars 
consist of channel iron bottom upiiermost, 
the Ixittoin web being punched with round 
holes through which the coal is screened, 
whilst the bars themselves are only 8'2 
inch apart; the bars are 4 inches wide 
ami are punched with 3 inch holes, as 
shewn in Fig. 12'. A complete screen,, 
as built on this i)rinciplc by the HmnlKildt Kngineering Company, 

. is shewn in Fig. 13. 

Ooze screen In this screen. Figs. 14 and 15, designed by Eckley 
. B. Coxe, the bars have the peculiar curved shape shewn in Fig. 14. 
Tlie upper ends of the bars rest upon iron rollers, the latter being 
carried on horizontal steel plates, so that the bars have ^rfect 
freedom of movement in a horizontal directioa Tlie lower ends 

^ BuU. di la Soc, de find. Minhale, **Voy&g;e en Westphalie,” by Mm. Matiiel, . 
De Qoumay and Siiiwe, Series ui. VoL i. 1887, p. 68. 

* TVww. Amtr. InK Min. Eng. VoL xix. p. 402. 






Fig. 13. Humboldt tvpe of firiari screen. 
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of JJie bar^are provided with semicircular 
notch^ which rest on a pair of transverse 
shafts situated in the same plane, but one 
about 18 inches in front of the oth(jr. Tlie 
bars rest alfernately on the front and on 
the back shaft, eacfi set partaking of couwe 
of tffe motion of the shaft upon which it 
rests. The shafts are connected by means 
of •ccentric ro<lH, each to two paii-s of 
eccentrics keyed on one driving shaft, at 
angles of 180° from 
each other. The throw 
of the eccentrics is 
.‘1 inches. Each ec¬ 
centric I’od is sus¬ 
pended by a swinging 
link atbiched to a 
pin passing through the I'od, the position 
of the pins being such that theii' distance 
from the centre of the carrying shafts is 
one half of the distance from the pins 
to the centre of the eccentric discs. The 
links l)eing comparatively long, when the 
eeeentrie shaft is revolved, the pins which 
connect the links and eccentric rods move 
in an arc of a circle so large that it may 
be looked upon as practiciiily a straight 
line, so that these pins travel backwards 
, and forwards practically 3 inches. As the 
supporting shafts are only half as far from 
these pins as the eccentrics, they have 
only one half of the vertical motion of 
the latter, hence the shafts carrying the 
ends of the screen bars describe what 
is practically an ellipse, of which the 
horizontal major axis is 3 inches and 
the minor axis 1^ inches. A diagram of 
the motion is shewn in Fig. 16, where 
A is the pojpt of suspension of the link and 
B the centre of the eccentric shaft, the 
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' sncceadve poaitions of the bars being shewn at 0, 1,... 7, corresponding 
to the similarly mtnbcred positions of the eccentric. It is erident 
that athe path de^iribed by the liars is nearly a true ellipse. As 
in the Briart scree^^ the set of Bhrs which is above the other is 
always moving forwards, the back stroke taking place whilst it is 
below the other set Hence the anthracite (for wfiich this screen is 
used) is earned forwards by C inches in each complete revolution 
of the driving shaft, whilst the rise does not e.vceed | inch, so that 
in this screen tender coal can lie screened without being tlntiwn 
up and down at all violently as may be the ca.se with the Briart screen 
when worked fast. The Coxc screen shewn in the figure, about 
9 ft. long X .5 ft. wide, lying at an angle of alsmt (i°, has a capacity of 
about 120 tons per hour. 

Chambers screen. This screen is the invention of Mr Chambers, 
and is in operation at the Denaby and Cadoby Main Colliei'ics and 
others. It is shown in iilan and elevation in Fig. 17 and in persfiective 
in Fig. 18. In this screen, as in the improved Briart, the bars are not 
solid, allowing the coal to drop through the interspaces between them, 
but they lie so close to each other that there is practically no screening 
space Iretween them, the smalls dropping through apertures in the bars 
themselves. These bars arc of east steel and have the form of inverted 
channel irons with square apertures in the flat upper surface. AH 
the alternate Iwrs are coupled together, so as to form two separate sets. 
The bars are set in motion by two pairs of eccentrics keyed at 180° to 
each other. One pair of eccentrics drives front and back rocking 
bars, A and B, having the shaix; of inverted T’s, from which project 
pins that fit into corresponding recesses in the screen bars and give 
alternate sets an up and down motion, whilst the other pair of 
eccentrics drives another rocking link, C, the two ends of which 
move alternate sets of bars back and forwards. The result of this 
arrangement is a back and forwards motion of each set of bars 
combined with an up and down motion, so ananged that the forward 
motion takes place whilst the bar is moving upwards, so that, as 
in the previous examples, the coals are moved slowly along the 
screen. 

This screen is unusually free from injurious vibration, is relatively 
silent in operation, is simple and easily repaired, and the bars can 
be taken out and pthers with diflerent sized perforations .substituted 
rapidly and i‘eadily; any size between 1 inch and 6 inches ^nare 
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ma y thug be made. The gcreen bars are usually 12 fe^t long .and 
the screens themselfes are usually from 3 ft. 0 in. to 6 ft wide, A screen • 
4 ft«0 ia wide wil^ treat about 120 tons per hour and requires about 
3 ap. to drive it; i^j cost is about £12.'). 

Borgmann and Emde screen'. This differs a good deal^from 
those previously considei’ed. The type shewn in Fig. 19, manufactured 
by Messrs Schiichterman and Kremer, consists of a number of fixed 
longitudinal bars, rectangular in section, whilst tlie transver.se bars of 
round iron are caused to revolve. The longitudinal bars consist of flat 
iron set on edge, in the upper edges of which semicircular notches 
arc cut These support the transverse round bars, each of which 
terminates in a sprocket wheel, so that all can be simultaneously driven 



Fi^. JH, I’erspuctive view of Chiinibcrs hltooii. 


in the same direction by means of an endless chain into the links of 
which all the wheels gear. Instead of this driving arrangement sui 
outside lay shaft i»arallel to the length of the screen may be used, 
driving the bars by means of bevil gearing. Tlie coal thrown onto the 
screen is carried forward frictionally by the rotation of the bars. This 
screen is used in Bochum ; it will work when horizontal, hence needs 
a minimum of headroom, is very free from jar, and does not break the 
coals at all; it also has the advantage of having square apertures, but 
on the other hand it is decidedly heavy. A usual construction is with 
round bars inches in diameter, set 3 inches apart in the clear. The 
flat bars are also 3 inches apart in the clear; the screen is 7 feet 
long with 18 round bars making fiO to 60 revolutions per minute.^ 

« 

^ ZeiUchr.f, B, If, u. 6' IVewn im Preia. Stoat. VoL xxxv. p. 264. 
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^ modi^cation of this screen has been introduced, at Bethune' as 

• sheirn'in Fig. 20. It differs from tlie last in that the Mgitudiual flat 
iron bars are given a small up and down motion,^mparted to iheir 



Kig. lu' Horgmaiiii and Kmdc Hcrecn. 


upper ends by an eccentric, whilst the lower ends pivot on a fixed bar. 
The round transverse bars and the flat longitudinal bars are respectively 
3'1 inches apart, thus forming a square mesh of this size. The 


* Bull. Soc. Ind. Min. VoL xv. 1901, p. 401, 
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niechanigm is somewbat complicated, but the results are said to be yery 
satisfactory. 

'{here are cerlj^iii other forms of screen that ought strictly to be 



F^. 20. Bethune screen. 

included here, namely screens of which only the screening surbce 

moves, but which are not bar screens; such are for exajnple certain 
foiTnfl of. owa x.. _ -x . 
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conaistiDg of* endless belts of various types, with perforated aur&cea 
fThesd wiU be considered \inder the liead of picking belts (see p. 06). 
Again there is a form of vibrating screen, in wl)^'h the screeifing 
siiriace, usually of wire gauze attached to a light Mnie vibrates inside 
what in other types js looked upon as the frame proper; this however 
is better classified os a modification of vibrating screens (see p 
rather than under this head, as tin; screening surface moves as 
a whole. 


2 (b). Screens in which the entire appliance moves. In this 
class we shall find a comparatively small number of coarse screens, 
whilst secondary or fine screens l)elong to it almost exclusively; the 
• reason, obviously enoiigb, is that the i)rcvious class consists of bar 
screens which are only suitable to coai-sc sizing, whilst fine wire gauze 
and iKsiforated plates, which arc necessarily ro(iuired for fine sizing, 
can be employed in most fonns of the class next to be considered 
•I'his class may be divided into three groups according as the motion 
imparted to the screen is 

(a) Ileciproeating, 

(/9) (lyrating, 

( 7 ) Uotating. 

(a) Reciprocating tcreene arc often spoken of as Shaking or 
Vibrating screens. The motion may bo either a “ bump ” or a true 
shake. In bumping screens, the shock at the end of each stroke is very 
eft'ective in securing thorough screening, and, in most forms, also in 
moving the mineral forward, so that a very flat grade will suffice; at 
the same time it is apt to break up tender minerals and thus to make 
smalls. For this reason we shall find bumping screens almost confined 
to the sizing of ores, whilst vibrating screens are preferred for coal 

Bumping screens with vertical motion. In this arrangement 
the screen may be hinged at its lower end the upper end being lifted 
by a cam and allowed to drop onto a massive wooden block or bumper. 
The screen should be so arranged that when the top end is in ito lowest 
position the mineral to be screened cannot slide down it, but when 
liftetl by the cam its aogie to the borizonta) should just eiceed 
angle of repose of the mineral. In this way the mineral will slide down 
<a Utde way at each stroke, and the bmnn need only be severe enough , 
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to shake the pieces of mineral so as to prevent small .pieces from 
riding on the larger ones. 

H is more usijal to hinge these screens at the upi)er end and to 
lift the lower by a <am, allowing itf to drop sharply against a bumping 
piece. In this case the angle of the screen at no time exceeds the 
angle of repose and there is no tendency on the part of the mineral 
to slide down the screen. When the screen is moved, and the mineral 
with it, the latter has a certain amount of momentum imparted to 
it; when the screen is suddenly stopjwd by striking on the bumping 
piece, the mineral tends to eontinne its motion downwards, and, as the 



I I > I _ i _t_ “■ 

Fig'. ‘21. Vertiail Isniipiiig Hcroen. 


result, is moved down the inclined plane formed by the screen. T1 
rate at which the mineral is advanced at each stroke will be great< 
the greater the inclination of the screen and the mass of the individu 
pieces of mineral, and the less the friction between the pieces of miner 
and the screen. Tliese screens are used a good deal in Germany; a 
typical example is shewn in Fig. 21. 

Bumping icreeni with horixontal motion may move in either a 
longitudinal or a transverse direction; the former is preferable becifnse 
it aids the travel of the mineral along the screen, whilst it is, at the ' 
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Such ^reeHB are thrust slowly in tiie required diij^tiou by means of 
a caln and then fall back sharply again, the moment,the point of the 
[»m has cleared the tappet against which it pres^; the slow move¬ 
ment upwards of the screen does not displace thS mineral on it, but 
the latter is jerked, forward owing to the momeutuin'it acquires during 
the rqpid fall back of the screen ; this effect may lx; accentuated by 
causing the screen to strike against a bumping block. In many screens. 




Kig. 22, H«rizoiit4il Imnipiiig screen. 


however, the rapid return of the screen to its original position is 
sufficient without any definite bump. A screen of the latter typeds 
illustrated in Fig. 22. The cam shaft is vertical and the cam acts upon 
a tappet which slides along the tail rod and can be set at any desired 
point so as to enable the amount of throw to be varied as required. 
'Hiese screens are often made double, thus making three sizes, but each 
or^he screeus is suspended independently and moved by its own 
single-toothed cam, these cams being set at 180° to each other so as 
to balaace the strain on the driving engine. 
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ScreoM of the last two kinds are of about equal eflficiency; .their 
lengths are U8uall;^3 to 6 feet, with a width corresponding to the amount 
of «nineral to be treated; their inclination to the horizontal varies 
generally betweeintJ()° and 20°; 'che number of blows per minute is , 
usually between 100 and 200, tlie length of stroke varying from 1 to 
4 inches. An ordinary sereen about 6 ft. x .3 ft. will treat 10 to 30 tons 
of mineral per liour and will aiwori) 1 to 2 h.p. Both of these"sereens 
are Ixitter suited to ores than to coal as they tend to break up the 
mineral a good deal. <' 

Shaking or vibrating screens, often called Jigging Screens, are very 
largely used both for coal and for other minerals; they are usually 



set in motion by means of a simple eceentrie as shewn in Fig. 23, whieh 
represents a sereen built by Messrs Head, Wrightson & Co., Ltd. 
Screens of this type are arranged either as simple, as eompound, or 
as complex screens. The screening surface may l)e of any kind, gauze? 
locket work, bars, and perforated plates with apertures of various 
shapes all being used; bars are not however much in favour, whilst 
the lightness of gauze sereens leads to a preferenee for this material, 
'^e entire screen with sheet iron sides and hopper beneath may be 
moved as shewn in Fig. 23, being in that case suspended by means ” 
of links or rods. The suspension usually allows the angle of the screhn 
to be altered when desired. Another plan, shewn in Fig. 24, which 
represents a screen built by Messrs Coulsou & Co., is for the sides of 
the screen and the hopper to be fixed, whilst the screen vibAtes ‘i 
supported merely on a light frame, hung from short anps; the latter * 
are usually pivoted on the upper edge of the fixed sides jmd uftj 
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outside the. latter, which are provided with curved slots in which the 
* pins; that connect the screens to the arms, can move freely. This system 
is somewhat more complicate<l 


and does not as a rule allow 

• 

the angle of the 8(jreens to be 
changed; it may also make a 
trifle more smalls than the 
former method, but presents 
the Advantage of compactness, 
and of a much lighter moving 
load. 

The angle of jigging screens 
as used for coals is usually 
between 10° and 18° to the 
horizontal, 14° being an average 
inclination; thelengtli of stroke 
ie^ usually between 5 and 9 
inches, and the number l>etween 
70 and 120 ; as a genei'ul rule 
these last two figures vary 
inversely, and the number of 
strokes per minute, multiplied 
by the length of strokes in 
inches, should give a jjroduct 
that does not vary much from 
600, or perhaps a little less for 
very short strokes and rather 
more for long ones. These 
•screens are usually 4 to 5 feet 
wide and 8 to 10 feet long; 
their capacity is tetween 40 
and 100 tons of coal irer hour 
according to circumstances, and 
the power recfuired to work a 
screen is usually from 2 to 3 
I.H.P. When two or more 
screens working independently, 
Le.* not “nested,” are used. 



their eccentrics are best all keyed on one shaft and so arranged as b 


balance each other and to keep the strain on the driving power as 
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uniform as possible. These screens are noisy and tend to rack- the 
structure in which‘’they work a great deal, but are simple, effective, 
easi^ kept in ord(ff or repaired, and are hence much used. They also 
admit of the screesing surface bcfiig readily changed when the sizes 
have to l)e varied, or of the screens being “pjated” or rendered 
“dumb” when they are required to discharge unscreened coal or “run of 
mine.” 

The Klein Screen nia^le by the Humboldt Engineering Company 
is shewn in i)ersj)C(rtive in Fig. ‘2'>, and in plan, elevation and sectibn in 
Fig. i!(i’. As shewn, the screen is carried upon a swinging frame sus¬ 
pended by means of links, the frame being actuated by means of a crank 



Fig, 2.‘). l’er8i)eotive view of Klein wreen. 


«haft close to the back of the screen. The lift is thus a maximum at 
the back end, and the upstroke is much quicker than the downstroke, 
whilst the whole screen receives a rapid to and fro movement, as 
shewn in the diagram Fig. 27, the upward motion being about 2^ times 
as rapid as tbe downward motion. The coal is thus thrown forward 
rapidly and unifomdy by this motion even though the screening 
suifElce be absolutely borizoutal; a very high capacity is claimed for 
this screen. A screen 13 feet 6 inches long and 4 feet 6 inches wjde 

' Tram. Fed. Imt, M. F. “ Antliracite coal-breaking and sizing plaiA at Olyncastie 
. oollieiy,” by W. D. Wrigbt, VoL xn. 1896-97, p. 238. 




Elevation, plan and Rcetion of Klein screen. 
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with 2 inch mesh, making 130 2i inch strokes per minute will screen 
close upon 150 ton# of coal per hour.' ' 

Somewhat simUar to the Klein screen, but rather simpler in con¬ 
struction, are the itaue Screen, ufade by Messrs Schiichtermann and 

Kreraer, ^ewn in Figs. 28 and 
28*, and Oumford and 
Wormald’s Screen, made by 
Messrs Head, Wrightson and 
Co.. Ltd., shewn in P’i§. 29, 
both being arranged as com¬ 
plex screens, with two .screen¬ 
ing surfaces, one above the 
other as indicated. 

Another form of screen, 
made up of a number of 
short transverse plates, each 
of which receives a rockiqg 
motion from one pair of 
eccentrics, is shewn in Fig. 30. ' 
This is known as the “ Anti* 
I'ig. 27. Diiigiam of motion of Klein screen. breakage” Screen, and is 

also made by Messrs Head, 
Wrightson and Co., Ltd. Each plate in turn rocks to and fro, and thus 
moves the coal along from the head to the foot of the screen, which 



Fig. 28. Elevation of Lane screen. 


must be inclined at a moderate angle; the motion is a fairly smoAtb 
one, but there are many wearing parts. . 

k special form of screen known as the Impact Screen ht^; 
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Transverse section. 

Ffl'. 28*. Longitudinal section, plan, and transverse section of Lane screeiL 
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lately been introduced by the Wilfley Ore Concentrator Syndieate, 
Ltd, which coneists of a screen usually of fine mesh and set at a* 
rather steep ang|e, which receives downward jerks from a cam at 
the rate of 600 peNminute, the scAen being thrown upwards again by 

a sprjng. this screen is 
arranged to work either 
dry or wet; the makers 
claim that one screen 
S feet by 3 feet will do 
the work of two ordinary 
“trommels.” 

A special type of re¬ 
ciprocating screen has 
been introduced of late 
years, more particularly 
for screening coal, in 
which the oversize is 
carried along on the 
screen, often for con -1 
siderable distances; these 
screens may hence be 
distinguished as “ con¬ 
veyor " screens. 

The Zimmer Convey¬ 
ing Screen, Fig. 31, con¬ 
sists of a shallow trough 
with suitably perforated 
bottom, supported on 
short pivoted legs made* 
of elastic wood, and thus 
acting in part as springs; 
it is worked by a crank 
shaft, the connecting rod 
being coupled to the 
trough by a spring 
attachment so as to 



I 

fi 


The Ferrari screen is practically identical with this 


jerk it forward 
form. 

Marr»e Excelsior Conveyor, Fig. 32, is also a trough; suspended!; 
from short arms, in which the advance of the coal is brought ab()pt by tS! ■ 





Sleratioo. 

Fig. sa Man- Excelsior screen in plan and deration. 
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special composite crank, as shewn in Fig. 3.3, on a Jarger ^le, 
which gives a quiA forward motion and a slow return, thus moving 
thetcoal along. Owing to the shortness of the arm there is a noticeable 
vertical motion aXwell as a horitontal one. 

The Marcus Screen is somewhat similar in desigh to the last- 
named ; the narrow screening trough is carried upon wheels or rollers, 
and receives a motion forwards which is slow at first and giVlually 
accelerated for about three-fourths of the stroke, when it slows down 
again. The mineral is thus given sufficient inoinentiim to enabla it to 
overcome the friction of the surface upon 
which it rests and thus to move forwards; 
during the slower backstroke it i.s not thrown 
back again, and is therefore advanced ovei‘ 
the sereen. The action is smooth, owing to 
the slowing down at the end of the stroke, 
and the apiJiancc is quite efficient, though 
running only at 00 to i!0 strokes per minute. 
Marcus screens have recently been erected 
capable of dealing with from .3.3 to loO tom^ 
of coal per hour. 

The Krelas Screen is very like the Zimmer. In France’ a Kreiss 
screen has been used for making .3 si/.es of eoal, namely, (rf inch, 
07 inch, r4 inch, 1’8 inch, and i'A inch. The entire screen is feet 
(! inches long and 24 inches wide, and the screens arc arranged succes¬ 
sively, the smallest mesh coming first. The entire screen has a slope 
of 3", and is carried on four legs 1.3’4 inches long, which vibrate through 
an arc of 0°, namely from 08° to 74°; it is worked by a crank having a 
throw of O'O inches at .320 strokes per minute. Tlie entire sereen 
weighs 10 cwt., and the momentum due to its movement is absorbec^ 
by 3 nests of spiral springs placed at the upper end and 4 nests along 
each side (or 11 groui)s of springs in all) so arranged as to take up the 
movement either ui)wards or downwards. At the head of the screen is 
a Kreiss conveyor, attached to the screen and working with it, 13 feet in 
length, which brings the undersize from a screen of 3'1.3 inches mesh. 
This arrangement can handle 20 tons of coal per hour. 

O) Gyrating screens. This class comprises screens that have a 
motion of revolution round a vertical axis, the path of revolufion 

* Complet Rend. Soc. Ind. Min. January, 1907, p. 21. 



Kig. S3. 

Driving uiuulianism iif the 
Marr Ksculsior scivuii. 
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being either, elliptical or circular. In the former case the nature oi 
•the movement tends to approximate to that of Ihe last class, the 
straight line being one of the ultimate figures to which the ellipse lhay 
be reduced; the other limit is the dlrcle, and accoraiugly we find some 
gyrating screens, prides placed on which tend to move in a circular 
path, and others in which they move in ellipses of varying eccentricity. 



Fig. 34. Small vibromotOr Kcreen. 

The motion of a gyrating screen resembles closely that given to a sieve 
in hand-riddling and may be looked upon as the most perfect type of 
screening motion. 


Vibromotor screens. The vibromotor is a device invented by 
Mr W. Beaumontand it has been applied to the screening of minerals 
, ‘ Joum. BritfSoe. Min. Stud. VoL xm 1900, p. 105. 
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by the Hardj Pateut Pick Co., Ltd The vibromotoi^ consists of 
i vertical flexible *or jointed shaft which is secured eccentrically to* 
i htavy liorizontal block or disc. When the shaft is rotated the point 
)f insertion of theVhaft in the wefi^fht descril)e8 a circle the diameter • 
>f which de|)ends u]K)n the velocity of rotation and gii the weight of the 
moving parts. If the lower end of the shaft is attached to a screen freely 
niHpended, c,g. In ropes, the screen will be gyrated with it, ainf owing 
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Fig. Sn. Lai'go vibroinotor scruen. 


to its inclined surface a imrticle placed on the screen will deacer 
slowly, describing a series of nearly complete clliiwes, and thus trav 
over a large portion of the surface of the screen, so that thorough 
efficient screening is obtained By means of this mechanism, mor 
over, all the power is utilised in moving the screen, and practically i 
objectionable vibration is communicated to the framework or buildii 
in which the screen is contained A small screen using a simple for 
of thjs appliance is shewn in Fig. 34; this is in^ided for dealii 
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with iron we at the rate of 2 tons per hour and using IJ to 1} H.P. 
A similar form* may be applied to coal screening^ the screen is 6 feet 



Fig. 36. Karlik pendulum scroen. 

* Tram, Fed, In»t. M. E., Coal-waBhiug plant at the Wireal Colliery,” by Janui 
Matt, Tol. XL I8d&-9e, p. 55. 
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by 4 feet and weighg 3^^ cwt; the shaft makes 250 to 350 revolutions 
per minute and the screen is capable of screening 25 tons of coal ijcr 
houi^ through a ^ iimh mesh, using about 2 H.P. Fig. 35 represents 
a heavier screen to weat 30 tons of*coal per hour, using ^3J to 4 H.P., 
and with the driving shaft making 350 revolutions p^r minute. In this 
screen the vibromotor is in the middle instead of at the upper end, and 
consists of an arm along which a weight slides instead of an eccentric 
disc. The mode of action is obviously identical. 

KarUk’a Pendulum screen. This screen, made by Messrs Schiicli- 
tcrmann and Kremer of Dortmund, is in use at several M estphalian 
collieries. Its construction is shewn in Fig. .30; it consists of a nest of 

complex screens, usually con¬ 
taining 3 or 4 screens, sus¬ 
pended by iron rods fi’oin a 
pyramidal framework of iron; 
the suspension is a simide ball 
and socket joint, giving great 
freedom of motion. One side 
of the nest of screens carries 
a tray into which the coal tubs 
are tippled; this tray is pro¬ 
longed into a girder running 
on rollers which steadies the 
movement of the screen. The 
driving mechanism is under¬ 
neath the nest of screens, and 
consists of a short vertical 
shaft driven by a belt and 
properly supported on a step bearing. To the upper end of the 
shaft is keyed a horizontal disc fonning a crank, the pin of which 
actuates the screen. Tliis meclianisin is shewn in Fig. 37. The 
Kaxlik screen is cai)able of treating from 25 to 50 tons of coal per 
hour, and reijuires 4 to 8 H.P. to diive it. 

Ooxe Bcreen. The single Coxe screen^ consists, like the last, of 
a nest or screens one above the other, moved also by a crank placed 
below the screen, keyed on the end of a short vertical shaft Instead 

* Tram. Attier. Imt. Min. Eng., “Tlie Iron Breaker at Driftou,” by Eckley B. 
xnt. 1890-91, p. 398. 


I I 



Fig. 37. Driving meclianisin of Karlik screen. 
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of -being suspended, it is carried upon 4 double^cones which give it 
’ perfect freedom of motion in a hori7X)ntal plane, the only condition 
being that the angle of the generatrix of the cone ABC, Fig. ^all 

be such that«coSi456'= ^ for coal screens the 

, diameter of base of cone 

throw of the crank is usually alxmt 2 inches. In order to prevent these 
double eones from flying out or shifting from 
their iilaces they must be guided so as to keep 
in a •definite track; various methods of doing 
this are shewn in the Figures, the mechanism 
lieing shewn in Fig. liO. The complete screen 
is shewn in jx-rspectivc in Fig. 40, and it will 
be noted that the eecentric dise is counter- 
halaiieed ag<iinst the centrifugal action of the 
screen box, the centre of gi-avity of which is 
necessarily not in the centre of rotation. 'I’lie result of the alxivc 
deserilied method of suspension and gyration is that each portion of the 
screening surface descrilics a circle, but that no two of these circles 
have the same centre. These screens are largely used in the anthracite 


C B 



Fig. .'IS. Diiignim of cone 
of (!<iso gyrating screen. 



region of Pennsylvania; a favourite size is 4 feet by 6 feet screen area 
for each screen, there being from 2 to 6 screens in one box; the beet 
speed for working is about 140 to 145 revolutions per minute. 

"Coxe screens have been adopted at St Eloy^ for bituminons coal 

’ Bull Soe. Ind. Min., “ Hooilltres de Saint-Ktoy,” by M. de Morguen, Series iu. 
Vd. xj. W97, p. 746. 
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* ■ r t i r inphpH bv 3 feet 3 inches^ the depth 

Be ™ .t the I, j i„ehe» end it cl.ii. • 

of the box 18 from 1 foot 9\ inch diameter 

3 acfteiiB; the top one ia punched with ^ 

and ia aet at a alopeV 4 per cent.; ^^c ne^ holeaJ^«J ^ i ^ 

diameter and a ^ 'j^c'‘"Four aissea of coal are thiia made, 

diameter and a fi licr cen a p . ■ capa\)le of 

The acreen runa at 13a revolut.ona per minute and 1 

treating 2.3 tona jicr hour 

At Blanzy' a acrccn about 4 tcei oy o 



Fig. 40, 


l'crai>cclive view of single Co.xc screen. 


treating 25 tona of coal per hour, making fire aizea, the apertures in 
treating ^ ^ 5 fget 

SreXtbrSiig five aizea ranging from 4i inches to 2 inchea, 
^ W treat ftO tons in the same time, both acreeiia making 140 revolu- 

«“> *>'r i- 

Fn.»» «.d in nnd for dne i. Algenn 

. J». a.'.. *• * 1 .« "[WF-dl- -‘-‘I” 'r ““*■ “”“1 

. EUf nt VoL MX. 1892, p. 133. 
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Double <jOxe screens have also been used in Pennsylvania; as shewn 
•in Fig. 41, they consist practically of two screens of the first tyjK; set 
side by side, the motive mechanism consisting of two vertical shafts 
arranged between them, with tw(f eccentrics on each shaft. By this 
arrangement fhc la^teral pull of the screens is to a great extent lialanccd 
and the screens work more smoothly than do the single ones; the whole 
of the centrifugal force cannot, however, be completely Imlanced in this 
way, but this is thoroughly eft’cctcd by means of two light shafts on 
which counteris)ises arc keyed, i)lacc(l at either side of the structure 
and driven by means of a belt from tlie sliafts that carry the driving 
eccentrics. Thus arranged the screens run very smoothly, so much so 
that nine sizes of (’oal can be made in one nest; their area is it feet by 
6 feet and the inclination of the screens range from 1 |)or cent, for the 
coarsest size (.');|^ inches) to 8 per cent, for the finc.st (fif inch). 

The Klonne screen is not dissimilar to the last; it eoTisists of a nest 
of screens moved by a crank, the screens being in this case carried on 
four segments of spheres ui»on which rest biiickets bolted to the box in 
which the screens lie; it is siiid that with screens of an area of 7 stpiare 
i feet the appliance is capable of treating 100 tons of coals per hour. 

( 7 ) Rotating screens. These screens are geuemlly spoken of as 
Trommels, a CJerman word (meainng drum) that has passed int<J pretty 
general acceptation; they consist of either cylindrical or conical 
screening surfiices (exceptionally jwismatic or pyramidal) rotating alanit 
horizontal or slightly inclined axes. The trommel differs from all the 
other types of screen that have hitherto been considered inasmuch 
as with the latter the entire screening surface is in continual use, 
whilst with the trommel only a small proportion is in action at one 
•time; for instance, oidy alxmt 20 inches of a trommel it feet in diameter 
will be covered under ordinary circumstances, or say nnder 10 [k-t cent 
of the entire surface. 

The angle of inclination of the screening surface of the trommel 
must always be considerably leas than the angle of repose of the mineral, 
so as to prevent the latter rolling straight down it; the angle must 
however be sufficient to produce a forw'ard motion of the mineral. 

In the conical trommel the shaft is horizontal, in the cylindrical 
trommel it is inclined; in the former case the mineral to be screened 
enters at the smaller end, in the latter at the higher, and thus 
in both cases is moved gradually down the inclined plane formed by 
the trommel surface. In the cylindrical trommel a particle of mineral 
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placed, say in the central line of the trommel at the top.end, will be 

carried up the side* of the trommel, by the revolution of the latter,* 
until it reaches such a height on the side that the slope of the screen 
to the horizontal exceeds the angle? of repose sufficiently to cause the 
jmrticlc to glide dowinvards, which it will do, of coufse, dow'n the 



Kig. 42. I’ath of a imrtiele inside a cylindrical tronunoL 


steepest path until the momentum with which it commenced its fall 
is exhausted, when it will again be carried up, and so on; it thus 
pursues a zigzag course along the side of the tTOmmel until it is finally 
discharged. The motion of a particle along a conical trommel is 
similar, the chief diflerence being that in the conical tromijel th« 
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particle will .be carried up in a vertical plane, wh(^.reas in the cylin- 
irical trommel it will ascend in a plane porpcndfcular to the axis 
and therefore inclined to the vertical; hence the rate of progros^n 
of a particle in a cylindrical tromlhcl will be more rapid than in a 
conical one at' any, point at which the two trommels have the same 
diameter, provided that the inclination of the axis of the one is c(jual 
to the inclination of the generatrix of the other. The theoretical 
paths that would be taken by individual particles along the inner 
surfaces of trommels are shewn diagrainmatically in Figs. 42 and 43, the 



former representing the cylindrical and the latter the conical trommel. 
In practice, of course, a number of jiarticles are introduced simul¬ 
taneously, and the mass will move forwards with a slight zigzag 
motion, occupying a portion of the circumference of the trommel, which 
can be approximately determined by the following method, for which I 
am indebted to Prof. R M. Ferrier, M.Sc.:— 

la Fig. 44 let KM be a section of part of the surface of the trommel, 
0 being the centre, and the direction of revolution being indicated by 
the arrow. Any particle P of weight W placed inside the trommel 
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at K will be carijed up with the trommel, until slipping commence! 
at a jjoint L ; the jMirticle will, however, at first be carried upwards bj 
thi trommel faster than it slips downwards, and will hence continue t( 
rise till it reaches a point M, at w*hich it just ceases to rise and com 
mences to slide down, which it will continue to,do until it reachei 
a point N, at which point all its downward motion will have been over 
come by friction agjiinst the upward moving surface of the trommel 
and it is again carried upwards. Neglecting the motion that th( 
JMirticle will receive in the direction of the axis of the trommel owinj 
to the inclination of the trommel surface, the motion of the particli 



Fig. 44. Dingnim of forces acting on particle inside trommel. 

in relation to the transverse section of the trommel will consist of 
oscillations lietween the points M and N. 

Ijet V be the velocity of the trommel surface in feet per second. 

Let R be the radius of the trommel in feet 
Let ROM = a, KON=ff, KOL = ft 

Let P be the position of the particle at any portion of its travel. 
he,t KOP = <f>, and KP = S. 

Let V be the velocity of the particle at any moment relative to the 
troramd surface. 
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Let be tiic coefficient of static friction, and /i of gliding friction. 

Then the weight W of the particle nmy be resolved into IT sin 
acting along the tangent and tending to cause sliding, and Ifcos^ 
acting along the radius and causing pressure on the inner surface of 
the trommel. Neglecting centrifugal force, which is a perfectly neg¬ 
ligible quantity at the slow sjKjed with which the trommel rotates, 
the force tending to cause sliding is 

W (sin <f> — cos <f)). 


The acceleration of the particle = c 


ilr _ dr 

dr~'^ lUq,' 


integrating 


i? 

o 


= C' — (/K (cos ^ + sin 0) 


.( 1 ). 


At the points M and N the i)article is at rest in space, and therefore 
V — -V, or 

yi 

—- =C~ (fltiwH a + fi sin a) foi’ M, 

yi 

and — = 6’ - git (cos /3 -(- /i sin /3) for N, 

• ^ 

and V = gli (cos a ■+ /i sin a) ■+ , 

Sulwtitutiug in (1) 

pZ 

2 = f/ii (cos a -I- /i sin a)-(- -i/f^(cos<^i-h/isin0), 

^,2 yi 

2fR = ^ . 

At L, where sliding just begins, -r = 0, and the inclination of the 
trommel surface is evidently tail”'/in this being the point where static 
friction is just overcome. 

Therefore ff = toir' . 

Substituting in (2) 

F- 

0 = cos a -H /i sin a — (cos 0 + sin 6) -h , 

72 

cos a -I- /4 sin a = cos S -t- /i sin ^ .(3). 

In this equation the values of 0, fi, V and R are known, and hence 
it cail be completely solved. It obviously leads to two values of a, the 
higher one of which corresponds to a and the lower to /9. It will be 
noticed diat these values are symmetrical to 0, or in ether words the 
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particle will rise as far above the angle corresponding to its sliding 
friction as it will fall below it. ‘ 

• Taking for example the following mean values: trommel 4 feet 
diameter, making 10 revolutioiii^ per minute, when 

/f = 2, r=21, 

= tair‘2.")” = 0-460, /t'= tan-'3T’ = 0-600, 
the values for a and] ^ respectively will be about 43° and 7°; in other 
words the particle will oscillate through an arc of 36°, being If)° on 
either side of the angle to the vertical equal to tair' fi. 

In practice of course this result will not be exactly obtained, because 
not one, but a nunibei- of pieces are introduced simultaneously and the 
trotnmel is always overcrowded; it may howevei- be considered safe to 
say the material will never rise above the ui)per limit indicated by the 



Fig. 45. Oyliiidrical troiimiel. 


above equation, though it will often extend down to, or even past the 
vertical line through the axis of the trommel. 

Trommels are eonstructed in a number of ways, which differ in 
points of detail, but the essential construction is practically always the 
same, namely a cylindrical or conical screening surface that is caused to 
rotate. The screening surface, consisting of wire gauze or perforated 
sheets, more rarely of bars, is usually kept in its place by straps or bolts, 
and it may be carried by an axial shaft with spider arms, or else supported 
on friction rollers. These details of construction may be illustrated 
by figures of the different types; Fig. 45 is a cylindrical trommel ettrried 
on an axial shaft, the screening surface being kept in place by strapping 
rings; it is made by the Jeffrey Manufacturing Co. The section of 
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such a.trommel is shewn in Fig. 46, together with its lysing and spouts 
A* and B, the former delivering the oversize and the latter the 
undersize. Fig. 47 shew's a heavy cylindrical trommel, made by the 
Allis-Chalmcrs Co., carried on friction rollers, the screening surface 
being stiffened by longitudinal straps of angle iron. A simple conical 
trommel, carried on a horizontal shaft, made by Messrs Bowes, Scott 



Fig. 46. Sections of cylindrical tmnimel. 


and Western, Ltd., is shewn in Fig. 48, a section of a similar trommel 
driven however by gearing instead of belting being shewn in Fig. 49. 
This latter trommel is shewn in the customary sheet iron casing or 
housini;, with spouts; spout A is connected with the end of the trommel, 
and delivers the oversize, whilst spout B is connected with the casing, 
and delivers the undersize. The details of construction of a large 
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conical trommel.j>'e shewn in longitudinal and transverse sections in Figs. 
50 and 50*, the form of casing there shewn being the most suitable for 
fery large trommels. Conical trommels are usually mounted on central 



Fig. 47. I’orsiicctivc view of cylindriciil troiimiel carried on roliors. 


shafts; exceptionally they arc carried in rings which rest on friction 
rollers. This jdan is usually restricted to very light trommels, as in 
Fig. 51, representing a [Kitteni made by the Jeffrey Manufacturing Co. 



Fig. 48. Bolt-driven eonical troininet 


The screening surface is sometimes all in one piece, more often in 
two, three or four sections. When any portion of the screen is ddhiaged 
the whole section involved has to be removed and replaced; in order to 
avoid the loss thus incurred, and with the further object of SHbstitBting 
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the cheaper form of flat screens for the more expensjre curved screen, 
tumraels have been made hexagonal or octagonal in cross-section 



Fig. 4Jt. (lear'drivcn cnical troinmol. 



Fig. 50. Tpansvonie section of largo conical trommel. 


BisteiM of circular; a neat pattern of a hexagonal prismatic trommel 
is shewn in Fig. 62, which represents a form made by the Jefirey 
Manufacturing Co., whilst a similar pyramidal trommel is shewn in 
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Fig. 63. Such pcjygonal screens are not however much«in favour ; in 
the first place, except in case of an accident, it rarely happens that ofle 
portion of the screening surface is destroyed before the whole of it is a 



good deal worn, so that the loss incurred in replacing the entire ^reen 
is more apparent than real. Moreover the angles of the polygon afford 
lodgement for small stuff, and the larger pieces dropping shai^lj across 
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tbe angle are.apt to damage such screens more than does the smoothe 
motion produced by trommels of circular section. 

Trommels may be used either for dry or for wet screeningfor fhe 



Kij;. til, CiHiiual tniiiiniol on nillom; jionijKiotivo. 

latter they are greatly in favour, the material to be screened being run 
in with water in the form of pulp. It is more often employed for the 
finer than for the coarser sizes. 

Tlie screening snrfijce of the larger trommels is generally made of 



Fig. 32. Hexagonal prismatic trommel j perspective. 


punahed sheets, wire gauze being often used fur the finer sizes. Trommels 
fw rough screening have been made of round or flat bars of iron running 
ImigiiiW^g and riveted to stout iron rings, bat this arrangement is 
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not to be recommended; flat screens of one or other fif the types 
already considered are far preferable for all sizes exceeding say 2 incheo. 
(Js the other hand for fine sizing, and especially for close sizing where 
a large number of different sizes afe required, the trommel does excel¬ 
lent work and is largely used. Sizing by trommel^ is hence a frequent 
preliminary to wet dressing operations, and the size of the apertures in 
successive trommels is regulated by definite arithmetical consiSeiations 
to lx; 8ul)sc(juently investigated. For this purjjosc trommels are grouped 
in various ways, the mineral to be sized traversing them all in succes¬ 
sion ; such a series may consist either of groups of simple trommels, of 
long compound trommels or of concentric complex trommels, the first 
Ixjing the most generally satisfactory. Trommels may lx; grouped in 
two ways ; either the first may have the coarsest mesh of screen, when 
the oversize from No. 1 trommel will make the coarsest size, whilst the 



Fig. .I.l. PjTamidiil trommel. 


undersize or all that passes through the screen of No. 1 goes to No. 2, 
the oversize from which makes the second coarsest size, and so on. In 
the other system No. 1 has the finest mesh ; in this case the undersize 
from No. 1 screen is the finest size, the oversize from No. 1 goes to 
No. 2 screen, the undersize from this forming the next finest size, whilst 
the oversize goes to No. 3 and so on. As a general rule the former is 
the better method, as in the latter the fine screens arc exposed to 
unnecessary ipjury from the coarse pieces of ore that pass over it; it is 
only to be recommended when by far the greater quantity of the material 
to be screened is fine enough to pass through the finest screeni In 
grouping trommels, the conical shape presents the advantage that it 
admits of great compactness, as the trommels can be placed with wide and 
narrow ends alternately one above the other as indicated in Fig;. 64. 
Cylindrical trommels are difficult to group one above the other on 
account of the inclination of their shafta They are best arr^n|frf to 
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follow each other horizontally as in Fig. §5, each sha^ being driven by 
gBaring offits neighbour, or all from one main shaft, which is perhaps the 
better plan; although this arrangement takes up more space than tfie 



Fi^;. 54 . Set of conieui tniinniclH. 


^prmcr it is often a very convenient one, a row of trommels arranged 
thus being placed along the side of a dressing mill. Tins arrangement 
is cspialiy suitiible to cylindrical and to conical trommels, and is the one 



generally employed; a typical example, where gearing is used, is shewn 
in elevation in Fig. 55 and in perspective in Fig. 56. Here the 
material t)roken to ^ inch passes by the spout A to the first trommel 
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witii I inch mesh^ The orerske, which is now between*! 

mesh is delivered by the spout B, the undersize passes to No. 2 trommC 

with J inch mesh; the oversize of this, between f and i inch, is deliverec 

the spout ( 7 , and the undersize 'goes to the 3rd trommel with ! incl 
Inesh ; the oversize from this, between J and ! inch, is discharged at D 
and all under J inch at E. A somewhat similar arrangement applied tc 
conical trommels is shewn in plan and elevation in Fig. 57 in whicl; 
the lettering corresponds to that in Fig. 5.5 ; in this case each tromme! 
is driven independently by its own pulley from shafting perpendiculai 
to the axes of the trommels ; as a general rule such shafts run paralle 
to the axes. 

Compomid tvoirnwh consist of practically one long trommel 



Kig. 56. Sot of cylindrical trommclu. 


successive portions of which are covered with screens of different sizes 
BO that the material is sized in passing along. A triple compounc 
trommel making four sizes is shewn in Fig. 68 and another of mud 
heavier make, without central shaft, and carried on friction rollers ii 
Fig. 59. In these trommels the finest screens must necessarily com< 
first or nearest to the end at which the mineral enters, the overeizt 
from each mesh passing of course to the next coarser. To avoid the 
serious wear and tear that may thus be caused to the finer screens, the 
first part of the trommel may be somewhat larger in diameter and mgy 
bh fitted with a coaree inner screen to keep the rougher material oftom 
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in section iii. Fig. 60', where A A is the inner protecting screen; 
if is used for screeipng coals in the Ruhr distiict, and has a capacity 









Fig. 60. Compound trommel. Section. 
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but driven slightly different speeds, so as to kfep the peripheral 
i%locity of both parts equal. Compound troinmcls are not however 
very satisfactory when accurate sizing is retjuircd, and have inddld 
•little except their cheapness to recoimiiend them. 



Kig. 01, ('o»i]>lo.v cyliiHiric’ul troiiiincl. 


In complex tronuneU the iimennost screen is necessarily the coainest. 
They are compact and convenient in use, the great objection to them 
being that when one of the inner screens needs replacing the whole 
apparatus has to be taken to pieces. A complex cylindrical trommel is 
shewn in Fig. Gl, and a double complex conical trommel is shewn in 



se. Uoniplox conical trommel 


Fig, 62. Sometimes complex conical trommels are arranged with the 
slopes of the screening surfaces in opposite directions instead of parallel 
A la^e complex cylindrical trommel designed for screening coal by the 
Humboldt Engineering Company is shewn in Fig. 63; the spaces between 
each paia of screens are furnished with spiral divisions terminating in 
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80 08 to dearer the screened mineral, although th« axis is hori- 
eontaL The innermost screen is prolonged in the form of a sheet ii'rti 
dAm, also furnished with a spiral trough, so that only a determinate 



Kiy;. (lit. llui)iin»ldt ctmiplcx tronnuel. l*cri*}»ectivo. 



Fig. 64. Schmitt’s spiral trommel. Longitudinal section. 

[uontity of coal is fad into the trommel proper at each reroiution; 
>y this means owrerowding of tiie screens, entailing impmfect scremiing 
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and breakage of the coals, is avoided. ThC' tromi^el shewn has five 
sBreens 8 feet 3- inches long, the diameter of the outside screen being 
10 feet 2 inches, and length over all about 18 feet; the trumu?el 
•complete weighs about 8 tons and has a capacity of 100 tons of coal 
per hour. . 

A somewhat similar machine is Schmitt's’ Spiral Tronnnel; this 
consists of a perforated strip of metal wound ronnd in a spiral as shewn 
in Figs. 64 and 64‘. The inner ix)rtion consists of an ordinary conical 
trommel ronnd whicli the spiral is arranged; jairts of tlic s|iiral ai'e 


9 
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Fig. (i4*. Schmitt’i! spiral troniniol. Tran.sversc soctiiiii, 

left blank and at these points divisions are put in that separate the 
different screens from each other. The spiral strip thus forms a 
complex cylindrical trommel, owing to the special construction of 
which the coal travels forward although the axis is horizontal. All the 
mineral that passes through the inner conical screen drops into the 
next division of the spiral, in which it is carried round and screened, all 

tliat, passes through felling into the second tuni of the spiral and so on; 

4, 

' JV. E. 1. Min. Eng., “Schmitt’s Sphn^ Kevolviiig Scroen,” by 0. P. Morison, 
ViiJ. IIVITL 1878-79, p. 183. 
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the oversize fron^ each division is dischai^d by a sqiarate spout. 
The trommel illustrated is iiiade from a strip 54 feet long by 4 feSt 
wide, and is itself 4 feet long and alxjut H feet in diameter ; it is driven 
at 10 to 12 revolutions per minute and will treat 40 tons of coal per* 
hour, the perforations l)eing rosj)ectively li ins., J«in., ^ in., 'j in., fS- in. 
in diameter. It is claimed that this trommel is cheaper and more 
compact than the ordinary tv|K', strong, easily reixiifed and economical 
of power Isjcanse the load in it is distributed instead of being concen¬ 
trated at the tK)ttom. 

Dimensions, cajvicity and power consumption of trommels vary 
within very broad limits iiccording to the material to be treattsl and its 
fineness. Lengths are usually between .‘i and 12 feet and diameters 
ladween 2 and it feet; the driving jtower may range from 4 to U h.p. 
and the ea])ucity from say 2 tons up to 5(i tons per hour. The rate of 
I'cvoliition of a trommel shoidd 1 r’. such as to give a iieripheral velocity 
of (io to llto feet (ler minute working dry and about one half us much 
when w'orking wet. An ordinary set of 7 trommels tibout 3 feet in 
diameter and 5 fiset long would size about 7 tons of average crushed 
material pei' hour, using about ti^ h.f. ; it would weigh about 5 toni 
and cost about £200 to £250. 

In Mtreening the finer sizes care imist lie taken that the screening 
surface does not get choked; to prevent this punched plates should 
be put on with the smaller diameter of the hole to the inside of the 
trommel as already explained, [lugc 15. An arrangement, suggested by 
Krom and sometimes adopted, consists of sliding weights upon two 
opposite Bjiokcs, such weights being allowed a play of a foot or so, 
between strong collars forged upon the spokes. At each semi- 
revolution the weights will slide downwards and strike sharply against 
the collars, thus jarring the trommel and helping to clear the screens! 
In screening wet material, which is often necessary when the mineral to 
be treaterl has been crushed wet, the trommel is either allowed to wade 
in water to a depth equal to about j or ^ of its rtulius, or else a number 
of jets of water are arranged to spray upon the mineral in the trommel. 
This is sometimes done by mounting the trommel upon a hollow 
perforated sliaft, through which water is forced. It is however better 
to have a number of jets under considerable pressure playing upon the 
top of the trommel, as this tends to clear the screen better than when 
the jets are directed from inside outwards. It cannot b^ too often 
htsisted on that, whilst dry screening and wet screening are both quite 
feasible, successful screening of fine material that is neither quite dry 
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Mr thorougKJy wet, but merely moist, is an impossibility. It is indeed * 
«ften necessary to dry finely crushed mineral before attempting to’ 
screen it, the only alternative being wet screening in either runuingi^r 
.standing water. In coarse screening; say over i inch, this precaution is 
no longer so essential, though always advisable when possible, lii 
screening soft coals that make much dust, it is sometimes necessary 
to spray water upjm them to keep the dust down ; it must not lie 
forgotten that fine coal dust siisix’iided in air fonns an explosive 
mixture and that accidents liave been known to oeeur in coal dressing 
plants through the ignition of such suspended coal dust. 

It is difficult with trommels to size to less than alxuit ii,; inch mesh, 
as the screen is very apt to choke with sizes finer than this. A form of 
screen specially intended for very fine screening has lately lieen brought 
out by Messrs Fraser and Chalmers, Ltd. It is known as the Callow 
Screen, and consists of an endless belt of woven wire screening, 2 feet 
wide, travelling over a pair of drums 18 inches in diameter, set at alxuit 
4 feet f) inches centres, ovei- which the screening belt runs continuously 
at a H]X3ed of 2 ’> feet to 12.') feet ]X)r minute. The screen works wet, 
»nd for the finer sizes (below 60 mesh) its action is supplemented by 
a shaking .sjiray ; the ca])acity of a dujilex machine, consisting of two 
24 inch belts, is given as ranging from '2i,0 tons [ler 24 hours on 20 mesh 
material dowui to aO tons jier 24 hours on 120 mesh material. The 
appliance has been so recently introduced that no definite information 
about its work is available. A similar screen has been devised by 
Mr Stanley of the Xuneaton works. 



CHAPTEK III. 


ROllTINO AND WASHING. 

Principles. When mineral Ik broiiKht up from the mine it often 
ha[)penn that it in mixed with a K>'eat amount of haiTcii or worthless 
material which may he removed hy simple hand-pickiiij;, the ai)pearance 
or the “ feel ” of the minerals laiiiif? the sole means employed in such 
selection ; sometimes in the same way minerals may he classified into 
seveiul diflorent (jualities or kinds. For examitle, in Coi'iiwall, cojtper 
ores arc picked out from tin ores and set aside for separate treatment; 
in many lead miniu)? districts pure galena (“ jxtttcr oi'e ”) is picked out 
from the lead ores mixed with ganguc or from mixed lead and ssiii* 
ores, which have to undergo more elal)orate processes of dressing; on 
the Witwateiwrand the gold-btiaring hanket is picked out from the 
barren (pmrtzite which is broken down with it; in most eoal mining 
districts shale is picked out from the good coal; in the Hamilton 
district, splitit coal, house coal and cannel coal are in places got all 
together in one seam and are Bnb8e<piently picked out; in the 
Cleveland district the wcirthless “dogger” and shale arc picked out 
from the ironstone; at Rio Tinto various grades are made by sorting, 
ajich as quartzose ore, smelting ore, leaching ore, export ore; at 
Oellivai'a, magtietite is sorted into five different gi-ades by the eye 
alone, according to the amount of apatite it is seen to contain, this 
sorting being afterwards checked by chemical analysis. 

All the above are typical examples of sorting or picking, some of 
tliein being final inasmuch as the sorted mineral is at once ready for the 
market,' whilst others are merely preparatory to further dressing 
processes. 

Some minerals are got covered with clay, mud, or dirt, to such an 
extent as to render sorting impossible, or in other cases to decrease 
ggeatly their market value; in such cases the covering of dirt has ft) be 
wafted off eiHier as a prelinunary to sorting, or else as a pr^aration 
fbr the mfket The former treatstent isappUed to a Urge mmW ot 
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complex veinstutt's, such as those carrying copper, Ifad, zinc, etc.; the 
litter is most largely applied to iron ores, to certain calamines, 
phosphate rocks, etc., the objectionable matter generally consisting of clay 
•which is often tough and tenacious. Sorting and washing are at times 
carried on nearly «• quite simultaneously on the same appliances, in 
other ca^es special apparatus is used for the one or the other process. 
The operations arc,however often so closely connected that they can lie 
conveniently considered in the same chapter ; those appliances that are 
used for washing only will be taken last, those used for sorting or for 
sorting and washing coming first. Sorting is often combined with 
hand-breaking, and can, in most cases, only lie jjerformed by the aid 
of a certain amount of breaking; the subject of hand-breaking will be 
deferred to a siibseipient chapter, when the hand tools used for 
breaking with the object of sorting will also be considered. 

Sorting is performed either ujmn floors or fixed tables, or uiwu 
movable surfaces ; in the former the workpeople engaged turn over the 
mineral, separate it itito the various classes, and make heaps of these, 
‘Wiich arc then wheeled or carried away either into railway waggons for 
shipment, or else to bins, etc., for further treatment When moving 
appliances arc employed the mineral is carried mechanically past the 
sorter, who picks out the various kinds. The former method evidently 
needs far more manual work than the latter, Vmt the mineral is also 
likely to be more thoroughly picked, as every lump has to Iks turned 
over by hand; its use is therefore indicated in places where the price 
of manual labour is low compared to the wages paid to skilled artisans, 
where stores, lubricants and machinery repairs are relatively expensive, 
and where close sorting is an object of special inqwrtance. Sorting is 
► jjenerally not heavy work, so that boys, girls and old men are often 
‘employed as sorters, the fonner classes being especially satisfactory. 
It is usual to arrange matters so that in a big sorting establishment 
the majority of the workers shall be of the above category, whilst there 
are merely one or two more highly paid men, who can break up and 
handle the larger lumps, or do any similar exceptionally heavy work. 

At mines where only a small output has to be dealt with, the 
mineral is sorted on a table usually covered with heavy sheet iron, 
or sometimes a cast iron plate is employed, which may be perforated 
witfi holes 4 to I inch in diameter. A very usual and satisfactory 
arrangement is for the cars as they come from the mine to be tipped 
upon a^zzley, the angle of which is so flat that the mineral can just 



^ Whe Dressing of Minerals 

not slide down it; the mineral as it lies on the grizzley a stream of 
water is allowed to piay, which washes the fine ore and any dirt throuj^ 
tHfc grizzley bars; the fines are shovelled out from time to time and 
sent to the dressing works. The lump ore is thus effectually washed,* 
and is in good condition for sorting. At the foot of the grizzley, 
the picking table i)roi)er is ])lfiee<l, usually about 3 feet square, and 
about ‘2 feet high alx)ve the floor. The sorters rake the ore from the 
grizzley on to the table as re(iuired, sort it, and either pile up the 
various classes in heaps on the floor behind them t)r throw them into 
handbarrows, wheellmrrows or small cars, ready for removal to their 
destinations. A diagnimmatic section of such an arrangement is shewn 
in Fig. (>') in which A A are the grizzley bars, and li the picking table, 
this Ixiing the usual form in the lead mines in the North of England. 
In Cornwall a very general aiTOiigement consists of a long table about 



Kig. (is. Diagram iif siirtiiig table. 


feet broad and .'t feet high extending along one or both sides of the 
picking shed (in which biickintj [see ji. Ill] is also iierformcd); along 
the back of the table runs a raised plank, on which the lads or girls 
bring in the ore in liaudbaiTows. 

For dealing with larger outputs the picking table is dispensed witl; 
and sorting is done on the floor itself. The most convenient arrange¬ 
ment is tliat shewn in diagrammatic section in Fig. GG and which is 
similar to that in use at Rio Tinto, where 200 to HOO men work on 
a floor some 350 feet in length, sorting 1000 tons iier day. The ore 
comes in by i^ailways on an embankment or trestle gantry, wliich should 
be not less than 15 feet above the level of the sorting floor. The different 
grades are loaded up into other railway waggons, the rails being so 
disposed that the top of the waggon is flush with or just below the 
level of the sorting floor. 

Fig. 67 ‘ shews a diagrammatic cross-section of the sorting floor at 
* “Tlie WitWBtersnmd Qoldfteids,” by S. J. Truscott, p. 415. 



Sorting and Washing 79 

the Ferreira thine, Witwaterarand The floor propci^ ia about 11 feet 
wj^e, and 70 feet long; the ore after paaaing over a griazley dropa some 
3 feet on to a floor covered with ateel platea, where it ia washed bj 
^eaim of hose pipes, and the ban’erP quartzite ia sorted out from the 
clean ore; the fonnqr is loaded into trucks and run out to the waste 
dump, the latter is shovelled into a large bin for further treatment. 



Fig. CG. Sorting floor for large outputs. 


Here, as elsewhere, where gold ores are washed, the water used for 
washing is run into settling pits so as to recover the fine auriferous 
material which it necessarily carries in auspension. The labour stafl' on 
tins floor consists of 11 natives and a white foreman, and some 400 tons 
a day are treated, of which about 36 per cent, is sorted out; the 



Scal6i I inch « lO fool. 

P'ig. 67. IXagram of sorting floor at tho Ferreira Mine. 


coat ia about 6<i jier ton of crude mineral, of which about 14 per cent ia 
for supervision, 82 per cent for native labour, and 4 per cent for stores. 

Attention must be paid to the paving of theae sorting floors. For 
minerala of small intrinsic value clay or earth beaten hard may answer, 
but they are better paved with slabs of atone ; when the value of the 
mineral ia greater, brick on edge set in mortar or cement may be used, 
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a very hard bun^ brick or slag brick being the best fot this puipose. 
Steel or cast iron plates are often used when such minerals as goldeor 
^ver ores have to be sorted; concrete or cement is rather soft, and is 
apt to get cut up by the wheds of wheelbarrows or by breaking 
minerals on it. , 

When coal is picked on a fixed support, this usually takes the shape 
of the grizzley shewn in Fig. 4, p. 18, sorting l)eing perfonned on the 
lower part of the screening surface, or on the slieet iron apron in which 
it tenuiiintes. There are usually 2 to 3 pickers to eacli screen ; about 
12 tons per hour can be screened and sorted on one of these. 

Moving Appliance! used for sorting may be cither shaking trays, 
revolving tables or endless belts. All of them dejaind upon the general 
principle that the material to be sorted shall be carried in a thin laver 
past the sorters, who have thus an opijortunity of picking out and 
separating the various classes of mineral from each other. For suc¬ 
cessful picking it is requisite that the speed Iw not too great, say alnjut 
BO feet per minute on the average, and the layer of mineral so shallow 
that every piece may Ixs seen; the (piantity of mineral that can be 
sorted in a given time and with a given number of pickers depcigls 
entirely upon the proportion of mineral that has ti) be picked out, and 
the number of classes that have to be made, and must therefore vary 
within very wide limits, 'flie width of the stream of mineral that a 
picker can examine effectively is about 2 feet and should never exceed 
2 feet 0 inches. 

Shaking trayi. These are either like the vibrating screens de¬ 
scribed on p. ;Ui, or the conveyor screens described on p. 40, except 
that the screening surface is replaced by a sheet of iron. Sorting to 
a small extent is also occasionally, though rarely, performed on ordinary 
vibrating screens. All these vibrating appliances are however iinsati^ 
factoiy because the distance travelled is short, the layer of mineral is 
deep, and the jerky to and fro motion is very ill adapted to careful 
picking. Accordingly shaking trays are but little used; their first cost 
is low and they take up but little room, but their performance is 
decidedly unsatisfactory. 

Swinging conveyors answer better, but even with these some practice 
is needed, because the tt) and fro motion makes the pickers dizzy at 
first A Zimmer conveyor in two lengths, the throw of one of»which 
balances that of tiie other, is shewn in Fig. 68; coal picking has been 
performed on this conveyor, e.g. at Shipley Collieries, where, 40 tons of ■ 
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coal per, hom pass over a conveyor having 
t^o compartments side by side Any of the 
conveyor screens de8cril)ed on page 4H may 
be used for picking purjwses. • 

Revolving tables, llie simplest form 
of revolving tabic is shewn in Fig. 69, this 
being a form mannfactured by Messrs Fraser 
and Chalmers, Ltd. The annular table 
covered with fKjrforatcd iron plates is 
attached by arms to a central vertical shaft 
\vhich is slowly rotated by means of a worm 
wheel and tangent screw in the diretdion 
shewn by the arrow. The mineral is deliyered 
on to it by means of a slioot, A, or a shaking 
tray, usually after haying l)een screened; it 
makes about f of a revolution, during which 
the sorters standing round the table pick off 
the material to be removed and throw it into 
Hins or trucks standing Itehind them. .Just 
above the sutface of the table a vertical 
iron plate is fixed diagonally which forms a 
plough, B, sweeping off all the mineral rc- 
niaining on the table into a bin or shoot, V. 
The table shewn is perforated so that if the 
mineral lying on it requires washing, the 
water may drain oft' through the holes; this 
is collected in the light iron funnel shewn 
beneath the table and led oft' by a trough 
iflto settling pits. Wien used for minerals 
(such for instance as coal) that do not need 
wasliing, the surface of the table is covered 
with plain plates and the draining funnel 
beneath it is omitted. 

Fig. 70 ‘ is a diagrammatic plan of another 
form of table which presents the advantage 
that pickers can stand both inside and out¬ 
side it, bins (marked W in the plan) being 
disposed both around the circumference 

' “ The Witwatererand Goldfield*,” by S. J. Tniacott, 
i> an * 



Ziiuroer picking conveTor. Side and end elevations. 
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ind inside the anijular table. The table la carried on a i;ing of wheels 
ipaced 5 feet apart, which run on a circular rail, and is driven by a pini#n 
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gearing in a circular rack bolted to the underside of the table. It makes 
a^evolution in about H minutes, its peripheral speed being aboyt 
55 feet per minute. The table is 4 feet wide and its top consists of a 
^late of iron J inch thick, upon y^ich is an upper removable plate 
I inch thick. The "table slopes all round to the outer edge, down 
to a circular launder, which carries the water used in washing the ore 
into settling tanks, This table is in use at the Crown Beef Mines, 
Witwatersrand. Usually there are 8 natives at work on this table. 



Scale, 1 inch lo feel. 


Fig. 70. Diagram of picking tabic at Crown lleoC 

only 4 of whom are however, strictly speaking, engaged in sorting; from 
650 to 700 tons per day can be sorted on this table, 14 per cent, being 
picked out The operating cost pappears to be about id. per ton 
of crude ore for working expenses and about 3d. per ton for main- 
tenailba 

Another form is shewn in Fig.'71, differing from the last in that the 
table trawls on rollers wliich are carried by uprights, so that the rollers 
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do not travel round with the table; this plan appears to be better than 
t^e last as the rollers are not so likely to be stopped by pieces't)f 
mineral dropping in front of them. Here also A is the feed shoot, B 
is the plough, and C the delivery shoot for the material remaining oir 
the table. Fig. 72 shews a somewhat similar table, but differing in 



Fig. 71. Picking table. Plan and vertical section. 


some details. Such a table is in use at the Cramlington Colliery, the top 
being made of steel plate | inch thick. It makes a revolution in hbout 
50 seconds, and 7 men and boys are employed as pickers, these standing 
roimd Hie outside of the table <mly. It takes 3 tubs of coal, say 18 cwt, 
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at a time, thinly spread, from which about 7 per (:eiit. o? splint and 
•^{)er cent, of stone are picked out, leaving the remaining 90 per cent 
on the table to be swept into the shoot C which can be lowered ?r 



raised as required to suit the waggons that are being filled. Its capacity 
is rated a^ 400 tons in 10 hours and it does very satisfactory work. 

The Humboldt Engineering Company makes rimilar tables carried 
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on ball bearings instead of on roIJers, which work very smoothly. These 
are made in three sizes, from 10 feet to 16 feet 6 inches in outside 
d?hmeter, and 2 feet to 3 feet wide, making a revolution in from 2 to 
4 minutes and requiring from i to'i} h.p. to drive it ■ 

For larger tables this firm uses the pattern shewn in Fig. 73 in which 
the table is suspended by an “ umbrella ” frame from a central vertical 
post 80 that pickers can stand both inside and outside the table. This 
table is made up to 2fi feet 3 inches in external diameter, makes a 
revolution in 4 minutes and takes 24 H.P. to drive it These tables are 



best set up within a circular wall of brickwork or plank which encIos^S^ 
all the space below the annular table; against this wall shoots or 
pockets are built into which the waste rock, or other material picked 
off the table, can be thrown. If shoots are used these usually lead into 
one common spout from which the mineral thus collected is run into a 
suitable waggon. Sometimes instead of such shoots a shelf is fixed to 
the circular wall, upon which are placed hand-barrows or boxes to 
receive the products picked out 

Another form of table is used at the Consolidated Main Reef, 
Witwatersrand; this is shewn in Fig. 74 \ It will be seen to be sunilar 
to the first type. Fig. 69, in that it is supported by a central shaft; it is 

tThe 'Witwatenrand Goldfields,” by S. J. Tmscott, p. 421. 
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Fig. 71. Double decked picking table. 
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howevir driven by a circular rack and pinion, .like the table shewn ii 
Fig. 72, making a revolution in 1^ minutes equal to a periphew 
velocity of Hi) feet per minute. Its peculiarity consists in the fac 
that the table is stepi)ed, consistilfg thus of a lower main surface an( 
an upper shelf; the ore to be picked is delivered by a shaking tra; 
on to the table proper; the barren rock is picked out and placed oi 
the upper shelf; the clean ore is first swept off by one plough, an( 
the barren rock by a second one, each into its proper receptacle. Th( 
advantage of this double-decked table is that the waste material is oper 
to the insixjction of the foreman .just as much as the cleaned mineral, sc 
that he is able to see that no good ore is thrown on to the waste 
dump. This form of table has been used with much advantage foi 
coal, both for picking out stone and for sorting ccjals of different kinds : 
it affords probably greater facilities than any other form of picking 
appliance for dealing with “laid out” tubs, that is to say with tube 
sent up from the pit with an undue proportion of stone and for which 
deductions are made from the miner’s wages. Each tub can be readily 
kept separate on the main table, and the stone in it placed on the shelf 
immediately above it. c 

In special cases, three-decked picking tables have been used when 
several grades of mineral have to be sorted out. For example in 
Scandinavia a table of this kind is used for picking an ore consisting of 
gangue, galena and zinc blende. The broken ore is delivered on to the 
top deck of the table ; the waste rock is picked out and placed on the 
middle deck, and the lump blende is similarly placed on the lowest 
deck, the ore that requires further dressing, which consists of a mixture 
of galena and blende, remaining on the topmost deck. 

The quantity of material that can be dealt with on any of these 
tables varies within very wide limits according to the nature of the woejr 
to be done and the amount of picking required. 

Picking belts. These are very extensively used, especially for 
sorting or cleaning coal As compared with circular tables the latter 
are more compact, a 24 foot table being for example equal to a 75 foot 
belt, and going into a much smaller space, where only one is required. 
A numl^r of tobies aide by side would however occupy about as much 
room as an equal number of belts of equivalent length. For moderate 
plants there is much to be said in tovour of revolving tables; direct 
comparisons are difficult to make, but it appears that the tables should 
cost considerably less for maintenance and should also require lees 




Picking belt. Plan, side and end elevations. 
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power, whilst supervision of the pickers is also easier; "on the other 
hand the long narrow belt often suits the general arrangement ^f 
colliery heapsteads which are very generally built over part of the 
railway sidings on which the coal trains are made up, so that the greatf 
length is not a serious objection. Belts require Jess fall than tables 



and in fact a long belt may even rise a few feet towards the deliver 
end w as to gain headroom, an 
sorting appliance. 

Picking belts are made of variouk materials, the most usual fon 
consisting of iron or steel plates 4 to 5 feet long and h foot t 


|s presented by no othe 
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1 foot 6 incVies wide, which are attached to two, or at times three, 
endless chains, the length of each link of which is just equal to the 
width of the plates. These chains pass round a couple of drums su(i- 
*ported on either end of an iron or wSoden framework that carries also a 
series of rollers, by qieans of which the belt is supported. Usually these 
drums are hexagonal or octagonal, the width of the face of the polygon 
being equal to that of the plates; such an arrangement gives ample 
driving power, but some makers prefer a special sproket wheel that 
gears in the links of the driving chain or else special driving teeth 



Fig. 77. Chain for picking licit. 


projecting from the drum are used as in Fig. 70. When a polygonal 
driving drum is used, it should be grooved for the chains to lie in, 
the plates bearing flat against the faces of the drum. Either end of 
the bolt may be the driving end, but it is preferable whenever possible, 
more • particularly in the case of a very long belt, that it should l)e 
(!riven from the front or delivery end; this will cause the upper side of 
the belt to be in tension, and thus relieves somewhat the pressure 
that would otherwise come upon the supporting rollers. The following 
drum (i.e. the drum that is not being driven) should be carried upon 
bearings that travel on slides and can be drawn up by means of screws; 



Vig. Id. Cast steel Jinks for cJjnin of picking belt 1 

the tension of the belt can thus be properly acyusted, and any wear 
that may occur be taken up. The general arrangement of such a picking 
belt, made by Messrs Cook, Sons and Co. Ltd., is shewn in ¥ig. 7 5, which 
also shews the fminework upon which it is generally supported^ the 
driving drum being shewn on a larger scale in Fig. 70. 

The chains are of various types; they occasionally consist of single 
links connected by pins, but more often of double and single links 
alternately (Fig. 77*); at times cast steel links, one end of which forms a 
jaw 4Fig. 78*), are employed; the latter are light and neat, but are more 

> TVan*. Fed. Inet. Min. Eng., “Im^ved Coal Screening and Cleaning,” by T. B. 
Fonter an^ H. Ayton, Vol. 1 .1889-90, p. Si 
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apt to break than the former pattern and can scarcely be repaired. 
The plates are generally sheet steel, about | inch thick, and overlap eaeh 
other about 1 inch at the edges in the manner shewn in Fig. 79, so that 
the surface of the belt shall l)e le^l; of course the overlap must be so 
arranged that each plate covers the one that precedes it in the direction 
of motion, otherwise small pieces of coal would lodge in the space 
formed when the plates pass over the drum at the delivery end. 

(Q-f 0 ^ 7 . ^ o) -#r 

Fig. 79. Hook boltH lor jilatoH of picking belt. 

'I’he plates are somotiines riveted or Iwltcd direct to the links ; the 
former plan entails the objection tliat when a plate has to he replaced, 
cutting the rivets and i)utting in new ones takes a good deal of time, 
the latter that the heads of the bolts project above the belt The same 
objection applies to the use of the hook bolts sometimes employed, sec 
Fig. 79’. A bettor plan consists in riveting short lengths of angle iron 
to the plates, and bolting the angle irons to the links as in Fig. HO.’. 






1 






Fig. 80. Angle iron attachinont for plates of picking bolt 

The belts are supported by rollers at intervals of about 3 feet; those 
carrying the empty return belt may be 5 or 6 feet apart. These rollers 
are of several diflferent types; they may be arranged to support the 
chains only as in Fig. 81’, or the belt itself directly. 

Sometimes the return half of the belt is not carried on rollers, but the 
edges of the [dates rest simply on lengths of angle iron. In the same 
way the upper surface of the belt is partly supported by an angl* iron 

* Trant. Fed. TntL Min. Stiff., “ ImproveS Coal Scroening and Cleaning,” by T. B. 
Bolster and H. Ayton, Vol. I. 1889-90, p, 89. 
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running aIon§ either side; it is as well to use rollers in addition for 
this part of the belt, as the pressure of the loaded belt rubbing with its 
whole weight alonjf the angle iron would cause considerable frictioi^ 
Whether the frame, which carries the belt, be of wood or iron, it is 
advisable to have on.either aide of the belt an iron ledge 3 or 4 inches 
broad, upon which lumps of mineral may be broken with a hammer 
when necessary for better sorting. It is sometimes difficult to ensure 



Fig. SI. ItiillcrH for picking bolt. 

that the mineral shall be distributed uniformly over the belt; this may 
be in great measure effected by incans of a rake. One of the best forms 
consists of an iron bar furnished with teeth which is moved backwards 
and forwards across the belt near its top end. Such a rake with a 
to and fro travel of 3 or 4 inches, making 20 to 30 strokes per minute, 
is quite satisfactory; the system is however inapplicable when very 
large lumps of mineral have to be carried on the belt. 



Fig. 82. Section of throcKjompnrtmont belt. 


Belts are often made with a central partition into which either the 
worthless stone picked out, or one particular class of mineral, when several 
kinds are sorted, may be thrown. It presents the same advantage as 
aflforded by the upper shelf in the two-decker tables, namely of allowing 
the foreman in charge to inspect the materials thus picked out, and of 
carrying these away automatically, whereas in the other form they must 
be collected and removed by hand. This arrangement is illustrated by 
the sectif^n. Fig. 82, of such a belt, whilst a complete belt, as made by 






Fig. 83. Picking-belt with central compartment for stone.. Plan, side and end elevations. 
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Messrs Josepk Cook, Sons and Co. Ltd., is shewn fn Fig. 83. A belt 
wiih a central compartment may with advantage be wider than the 
ordinary form ; 5 feet to 6 feet is a usual width, the central compartment 



twing 1 foot to 1 foot 6 inches wider as a rule. The delivery of mineral 
to the bel^must be so arranged that none drops into this middle division; 
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this may be done by having two separate shoots, or ona' shoot with s 
TOntral V (apex upwards) to direct the mineral right and left, o* t 
mstributing roller just below the shoot, the middip portion of whict 
is of larger diameter than the rest' and thus turns tne mineral sidewaya 
Such a belt 120 feel long, travelling at the rate of, 100 feet per minute, 
is used for picking shale out of Cleveland Ironstone, and can deal with 
120 tons per hour, 2o per cent, being picked out. 

Belts are sometimes arranged to screen the mineral that they arc 


carrying ; this is especially necessary when it has to be broken on the 
belt for the pur[X)se of sorting. One of the test arrangements consists 
of cast steel plates ateut f inch thick with oval slots of the required 
width cast in them ; in this form the chains supjjorting the plates may 
be dispensed with, the [dates hooking into each other at the ends, so 
that the plates themselves form as it were the links of a chain. Some¬ 
times a telt of wire woven like locket work (see p. 17) is em[doycd .so 
as to screen the mineral; this arrangement is used to some extent for 
screening coals in the Lancashire coalfield. In Scotland belts made up 
of transverse bars (sec Fig. 84) are used in the same way. 

Belts have been made of various other materials, for example saf 
lengths of flat rope sown together, the separate ropes being kept in place 
laterally by strips of flat iron to which the various ropes are attached. 


Such ropes may be of hemp, aloes (used in Belgium), or steel wire. As 
i, rule they are used at mines where flat ropes are employed for winding; 
when these ropes are too far worn for use in the shaft they can be 
utilised as picking belts. Except under these conditions, when their 
employment may be eeonomical, the use of such rope belts has little in 
its favour. They are heavy, and wear out rapidly. 

Canvas belts have teen a good deal used of late years for picking 
purposes. The Robins Conveying Belt Company make a telt,of 
eanvas with a heavy covering of indiarubber, thickest in the middle, tent 
up by special rollers into a trough-like section. Such sorting belts have 
?iven quite satisfactory results in practice at several mines in Canada 
Mid America and elsewhere. A view of one of these belts is given in 
Fig. 85. It is usually made 32 inches wide, and will carry 28 to 50 tons 
per hour at speeds of 30 to 60 feet per minute. In a Norwegian mine 
similar belts are used for pieking hard pyritic ore, and are found to 
wear well; sueh a telt 2 feet wide, 49 feet long, travelling at 49 feet 
per minute, witli 4 to 5 pickers at work, deals with 20 tons of copper ore 
per hour, and is quite satisfactory. • 

When belts are used for coal picking it is important thj|t the coal 
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dial! be diBch^rge<f from the belt aa smoothly and with as little bretA:- 
age as possibla llie drum at the discharge end should be kept as 
sm^l as possible with that object, but in the most usual case of steelr 
j^late belts, care mt^t also be taken /hat the plates are not made too 
narrow and the joints too numerous. With woven rope, canvas or 
indiarubber belts, where the drums may be round, n shoot can be placed 
close up to the drum and the coal allowed to slide (juietly down it. 
Telescopic shoots, orslioots hung by chains and counterpoised, are often 
used; these can be lowered or raised to suit empty or full waggons and 
the breakage thus diminished. A well-known device for this purpose is 
the swinging jib end of Messrs Wood and Burnett, made by Messrs. 
C'oulson and Co., Ltd., and shewn in Fig. 86. In this arrangement the 
delivery end of the bolt is carried on a binged jib, BUB|)ended by chains 



Kig.. 8.'), ItobiiiH' iiidiitraliljcr bolt. 


and counterpoised so as to be easily raised or lowered as required. 
Another method is the swinging tray designed by Mr Chambers; this 
tray. Fig. 87, which may also take the form of a perforated plate and 
thus act as a screen at the same time, is moved by an eccentric driven 
off toe machinery that drives the belt, so arranged that the upper lip 
of the tray is always kept close up to the edge of the discharging drum 
even though the latter be polygonal. 

A very usual arrangement of a colliery heapstead comprises a 
number of picking belts each fed from a shaking screen, smaller con¬ 
veyor belts running at right angles to the main belts and carrying off 
the small coal from below the screens, as also the stone and any inferior 
quali^es of coal that may have to be picked out on the belts, and 
discharging each to separate waggona The dimensions and capabilities 
of picking belts vary greatly, as shewn by the following table, in which 




Notes. Cost of Inbricants^per anaom for No. 5 belt £2. 10,., for tfo. 6 belt £2. 5s., for No. 7 belt J3. 0,. Horse-power Aquired 
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practically nil for the first few years, but soon becomes important 
item when plates, links, etc., have to be renewed; it may be roughly 
.averaged at £60 per annum. As will be seen from the table, the 
capacities of the various belts and the quantity *of work performed"’ 
by a picker vary within such very wide limits* that it is scarcely 
possible to give any average figures. 
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Fig. 87. Chambers’ swinging tray. Elevation and plan. 


Waihing appliances. The word washing is here used in its mort 
ordinary sense of cleaning or freeing from mud or clay, the Frencl: 
word “ d4lfourbag| ” exactly expressing its meaning. It is an opehitiot 
that is often preliminary to sorting or to other dressing operations, bui 
is somedgtes the only process that a mineral needs to fit it for the 
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market Thi^ is very often the case with calamine and brown haema- 
tiW, both of which ores often occur embedded in a tough tenacious claj^ 
the presence of which greatly detracts from the commercial value oi 
these ores; once tfiis clay is removed, the ores need no further pre- 
paratioiL On the oAer hand many ores, notably galena, zinc blende, 
copper pyrites, gold ores (banket), etc., require washing to free them 
from adherent dust, clay, dirt, or powder smoke, in order to enable 
them to be properly sorted. As has already t^en seen this washing ie 
frequently combined with screening and with sorting, the minerals being 
washed when lying on fixed or moving screens or upon sorting tables, 
and no special appliances being in such cases needed. It must not be 
forgotten that the washwater is apt to carry away much valuable ore in 
the form of fine slime, especially in the case of gold or silver ores; the 
water m\ist therefore be led to settling pits in which the valuable slimes 
may be deposited and thus recovered. 

Washing machinery as used for ores of the first-named class is 
mostly of one or other of two types; either fixed troughs in which 
the mineral is carried along by revolving paddles, or revolving drums. 

Trough washers. These are known in America as “ Logwashers,” 
a convenient term that may well be adopted. In its simplest form this 
machine consists of a wooden trough lined with wrought or cast iron 
))lates, set at a slight iiudination to the horizontal. A shaft to which 
fiat paddles are attached runs the full length of the trough and revolves 
slowly; the paddles are set spirally round the shaft and are arranged 
at an angle so as to gradually work the material up the trougli. The 
material to be washed is delivered into the trough at its lower end and 
discharged at the u])per; in its progress up the trough it meets with 
Streams of water, which soften and w'ash off the clayey matter, which 
fecapes at the lower end of the trough in suspension in water. These 
log'.iashers are mostly made double, a pair of shafts with paddles 
revolving side by side in one trough. Such a double- logwasher, as 
made by the Allentown Foundry Company of Pennsylvania is shewn in 
Fig. 88. 

The troughs may be made of wood, but wear out rapidly; cast iron 
segments bolted together answer well; cement has also been used. 
The capacity of the machine varies widely, as also does the water 
consumption, according |to the character of the material being treated. 

A group of four single washers are ,used at Longdale, Virginia^ for 

* ^ Train. Afiur. /n*L Min. Eng. VoL zxiv. 1894, p. 34. 
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washing brown haematite ores. Details of these are shewn in Figs. 397,398, 
Vvhere the entire plant is described as a whole (p. 501). Tlie troughs are 
wooden frames carrying cast iron plates, which fit together to form a semi¬ 
circular trough 2 feet 6 inches in diameter and about 18 feet long, set at a 
grade of f inch to the foot The “logs” consist of'cast iron pipes 17 feet 
inches long, 11^'inches outside diameter, and J inch thick, to which are 
bolted the flat paddles, 8 inches long and .3^^ inches,broad; these are set 
at an angle of 25“ to the axis of the shaft with a 5 foot pitch, there being 



Fig:. 88. J>oul)lu log wjiHlicr. Miile unil end elevatioiD<. 


8 rows spar«d equally round the pipe. The rate of revolution is 12 per 
minute; the washed ore leaving the upper end of the trough passes 
through a short conical trommel made of sheet steel with holes inch 
in diameter. Each washer treats about 50 tons of ore per day. 

Similar appliances are in use in various parts of the world; this type 
of washer is used, e.g., in various parts of Siiaiii (where it is usually 
spoken of by its French name of Patouillet ”) for washing iron and 
other ores. '■ 








Sorting and Washing 103 

Washings druma consist of cylindrical or conical drums made of 
boiler plate, and often of very large dimensions; as in the corresponding 
^cases of trommels^the first named jire sometimes set with their axes- 
slightly inclined, the latter always with their axes horizontal This 
inclination of the axis is, however, by no means indispensable in the case 
of washing drums, in which the material to be M'ashed is always propelled 
up the slope when there is one; the essential point is that the appliance 



Kij{. Sil. Driiui wiiJiher Vortical and tranavorae aeotioiia. 


should be so arranged as to possess an ample sump of water for soaking 
the ore; for this purpose the ends are partly closed with iron rings or 
very obtuse cones. The inner surface of the drums is provided with 
ribs, paddles, or teeth set spirally, by means of .which the ore is carried 
forward and ultimately discharged. 

Fig. 89 shews a washing drum as manufactured by the Humboldt 
Engineering Company. It is supported on friction rollers and caused 
to revolve at a slow speed (8 to 12 revolutions per minute) by means of 
gearing. Both ends are partially closed by rings of iron plate so as to 
maintain a considerable depth of water in the bottom of the drum. 
The ore is delivered into the drum down a shoot and discharged at the 
opposite end. These drums are made up to 7 feet 6 inches in diameter 
and 18 feet in length. Such a drum 10 feet long and 5 feet in diameter 
can wash 17 to 25 tons of ore per hour, making about 7 revolutions, 
and using about 10 cubic feet of washwater per minute. It requires 
4 or 6 H.I*. to drive it, one-third of which is absorbed by the machine 
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running empty. Conical drums have a grade varying from 1 inch to 

fnch to the foot 

^ A similar washing drum is in use at Barrow*; it is 19 feet long, 
4 feet 6 inches in Siameter; to the* inside a double spiral made of 
3 inch angle iron ^s riveted, the spiral having a 20 inch pitch. 
Between the spirals there are iron teeth; it is set at a grade of 1 inch 
to the foot, is earried on friction rollers and driven by gearing at 
the rate of 9 revolutions per minute. t 

At Santander a cylindrical drum 13 feet long, by 6 feet 6 inches 
in diameter, terminating in a cone 5 feet long tapering to 1 foot 8 inches 
in diameter, and making 15 revolutions in 2 minutes, will wash about 
400 tons of crude ore-clay in a 10 hours day, producing about 30 per 
cent, of washed ore, with a water consumption of nearly 1 ton of water 
per minute. 

The Crickboom trommel, shewn in Fig. 90, is practically a combina¬ 
tion of washing drum and logwasher, consisting of a cylindrical washing 
d^nm similar to those last described, in the axis of which is placed a 
shaft, furnished with arms or knives extending nearly to the walls of the 
cylinder. This inner shaft is rotated at a relatively high rate of sjwed 
in the opposite direction to the cylinder itself and pugs up the clayey 
matter adhering to the mineral, thus cleaning the latter very thoroughly; 
the material to be cleaned is advanced by teeth or rilw riveted spirally 
to the inside of the cylinder. These drums are made in various sizes 
ranging from 3 feet 3 inches to 6 feet (i inches in diameter and from 
6 feet to 10 feet 0 inches in length. The inner shaft is rotated at l.'i to 
20 times the speed of the cylinder. The following table shews, according 
to the Humboldt Engineering Company, jthe capacities of the various 
sizes of this machine when working on very clayey ores: 



Drum 

Bevolutions 
per minute 

Revolutions 
of shaft per 
minute 

Horse-power 

required 

Capacity 
tons per hour 

Diam. 
8' 8" 

Length 

5' 8" 

12 

210—280 

2-5 

1 

4' 

6'6" 

10 

180—240 

4 


5' 3" 

8' 8"—10' 6" 

8 

150—200 

7 

4 

6' 

8' 8"—10' 6" 

7-6 

180—170 

10 

6 

«'6" 

10' 

7 

110—180 

18 

6 


^ Tram. Inti. Min. Eng. Vol. xvn. 1898, p. 290. 
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The water consumption is usually 10 gallons per minute for each 
i^on of ore washed per hour, but may rise to six times this amount. 
A medium-sized machine about ^4 feet in diameter and 8 feet lonf 
weighs alwut 4i tons and coats about £160. This' drum (as is indeed 
the case with most washing drums) is usually ‘supplemented by an 
ordinary screening trommel into which the material drops from the 
washing drum, and in which mud, sand, and slimes are removed. 



CHAPTER IV. 


COMMINUTION. ‘ 

By ooinmiiiution is meant generally the breaking down of mineral 
to smaller siises; the words breaking, ernshing, grinding, pulverising, 
etc. are used somewhat indiscriminately; it would no doubt lx; lx;st to 
restrict the word breaking to coarse breaking, and crushing, etc., to finer 
breaking, but this practice is not at all generally followed. Mineral, as 
it comes from the mine, comes in pieces of all sizes, from luni|)s of as 
much at times as a couple of cubic feet or even more, down to small chips 
and dust, depending partly upon the nature of the mineral and partly 
upon the methods used for its extraction. It is generally considered l)est 
to get the niiiierul in the largest possible lumps, provided that these are 
not too large to bo readily handled and transported ; in some cases, 
e.g. steam-coal or iron ore, the value of the lumps may lx; two or three 
times that of the small stuff, but even when all the mineral has to be 
pulverised, it is considered better to get it out of the mine in fair-sized 
lumps, as these .are loss liable to loss during transport from the working 
face to the dressing plant; moreover luin[) ore can be hand-picked as a 
preliminary to further treatment, whilst fine ore eannot. 

The principles upon which comminution depends are various. A 
piece of mineral may be broken down by; 

i. Crushing. This implies exposure to a pressure which is greater 
than the resistance to crushing, or ultimate crushing strength, of the 
mineral; in this case more or less shearing stress is always developed 
together with the true crushing stress. It would seem as though the 
shearing of a body under compressive stress is due to the deformation 
of the mineral before it yields under the stress ; the lower therefore the 
elasticity of the body, and the nearer its elastic limit approaches its 
ultimate resistance to crushing, the less is it likely to yield by shearing 
and Ae more by simple crushing. As a general rule both forms of 
yielding are set up concurrently ni any mass of mineral under com¬ 
pression. • 
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The maximum pressures which minerals can resist vttry within very 
wide limits ; as a rule the most difficult mineral substances to crush are 
the fine-grained comparatively homogeneous basic eruptive rocks. 

The following table shews thJ pressures requited to crush certain 
mineral substances; 


Material 


Ultimate strength in tons square inch^ 


BifcuminouH Coal ... 

LimeBfcone . 

Marble. 

Sandstone . 

Slate . 

Granite, Syenite ... 
Basalt . 


1*29 to 7'91 
0’72 to 1-65 
5*20 to 6-83 
()-95 to 4*88 
4-34 to 6-89 
3*r)9 to 9-29 
7-11 to 10'69 


Average of I2 specimens 2*992 
Average 1*34 


(Generally over 6 tons) 


Porphyry.| 11*68 

Jasper .;.| 11*62 


2. Shattering. When a piece of mineral is struck sharply, the 
portion struck may be dctaclicd by the violence of the impact; whether 
any portion can be thus broken oil' depends ui)on that (juality which 
is known as brittleness and also upon the nature of the blow. The 
momentum of the impinging mass plays a gi-oat i)art in determining 
whether or not the mineral struck will be shattered, but the question 
is not wholly one of momeutinn, because a small mass moving at a high 
veloeity is less efl'ective than a heavy mass moving more slowly, even 
though the niojnentuiti be the same in both cases. The mechanics of 
this everyday phenomenon are still very imperfectly understood, nor is 
it possible to frame any satisfactory definition of brittleness or to say 
upon what other properties it depends. Like hardness it is connected 
with the force with which the particles of the body coliere, but it isjjot 
altogether dependent upon hai'dness, some hard bodies being far more 
brittle than softer ones. Amongst mineral substances this may be well 
illustrated by quartzite and basalt; examples of these two rocks may be 
selected having very similar textures, when it will be found that the 
quartzite is far the harder of the two, but at the same time the more 
brittle, the magnesian minerals that enter so largely into the composition 
of these liasic eruptive rocks being specially notable for their toughness. 
In mineral substances this quality is further complicated by their 
cleavage; a highly cleavable mineral will split easily under a blcav that. 

’ The above table is compiled from experiments by Mallett, Michelot, and Bach; 
t\ke oik coal 'were made by the author. 
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Btrikes it parallel to a plane of cleavage. The diamond, the hardebi ui 
known substances, is easily cleaved by a light blow in the proper direction, 
whilst bort (which is practically diamond less perfectly crystallised) is' 
ftp less sensitive toipercussion. 

.S. Abrasion. A’mineral substance can be easily ground when it is 
either itseK soft, if it is homogeneous in texture, or when the cementing 
material that holds the various particles together has feeble cementing 
power, if it is heterogeneoiis. In practice abrasion is rarely made use 
of, and only in special cases; the most convenient substance of which 
the working parts of grinding machinery can be made is either stool or 
chilled cast iron, and both of these have a hardness inferior to that of 
quartz; as this mineral enters largely into the composition of all mineral 
substances, such grinding surfaces would evidently suffer so greatly that 
grinding down in iron appliances a mineral containing ranch (juartz is 
almost out of the question. 

Whilst the above are the three principles upon whi(!h the comminu¬ 
tion of mineral substances must depend, it is impossible to base any 
satisfactory classification of the forms of apparatus employed upon their 
respective modes of action. This depends partly upon the fact that 
any one piece of apparatus usually acts in several different ways; most 
of those that act by crushing have usually more or less percussive effect 
also, and even sometimes act by abrasion to some extent. For example, 
edge rollers act more or less in all three ways; there are machines, 
such as the stamp mill, that de{)end upon impact pure and simple, but 
on the other hand there are other machines, such as rolls, that in one 
fonn act chiefly by crushing, in another chiefly by percussion, and in 
a Uiird chiefly by abrasion. It seems test therefore to abandon any 
attempt at a scientific classification based upon principles, and to retain 
f^e usual practical classification which refers to the objects of commi- 
nuil m. In this respect we may distinguish : 

A. Coarse breaking—often a preliminary operation. 

B. Medium crushing. 

C. Fine crushing (pulverising). 

Coarse breaking may be further suMivided into hand- and machine- 
breaking ; in groups B and C machinery alone is employed in practice. 

A. COAKSB BBEAKIKG. 

Cfiarse breaking is employed, either as a preliminary to further 
crushing, with or without sorting or sizing, or it may be the sole 
preparation for the market that is needed. Whmi large quantities, or 
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a particularly resisting mineral hare to be treated, *machine-breaking is 
indicated, especially where power is cheap, where skilled labour is not 
abnormally dear compared with unskilled, where materials for renewals, 
lubricants and other stores are not excessively d^r, and where hand¬ 
sorting is not needc<l. Under the opposite conditions hand-breaking 
may be the more advantageous. Hand-breaking is often combined with 



Fig. 91. Breaking hainmeni. 

sorting; it may indeed be fairly said tliat the latter is impossible unless 
combined to a certain extent with the former. 

Hand-breaking. For breaking up large rocks a sledge-hammer 
is used; this usually weighs ft-om 19 to 20 lbs., going at times up to 
30 lbs. An ordinary sledge-hammer with well rounded or egg-ended 
panes may be used ; a more frequent shape is that shewn in Jfig. 91 A. 
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•The operation of briaking with Bledge-hamtners is known in ComMrall 
08 “raging.” 

For Bmaller breaking, called “spalling” in Cornwall, lighter hammers 
ays used. These are either small double egg-ended hammers weighing 

2 to 4 lbs., attached to a long flexible handle, or else are rather heavier, 

3 to 6 lbs., with a shorter handle and of the shape shewn in Fig. 91 B ; 
these are used in one hand, this being known as “cobbing” in Corn¬ 
wall. When sorting is a special object one pane of the hammer is often 
chisel-shaped, as in Fig. 91 C. In Cornwall hanVl-crushing used to be 
carried still further, and is still to some small extent, a single flat-paned 
hammer being used known as a “ bucking-iron ”; such crushing is now 
however mostly performed by machinery. For both cobbing and buck¬ 
ing the mineral should be laid on a thick iroti plate. 

Lumps of coal are cleaved, in order to separate pieces of different 
qualities, or to remove band or shale, by means of a light single-hand pick, 
about 15 inches long (Fig. 91 D), called a ‘ snap ” in the north of England. 

Ordinary breaking is usually performed on breaking floors, arranged 
exactly like picking floors (see p. 78). They arc usually paved with 
string stones. Cobbing and bucking are generally carried on in special 
sheds, which imist be well lit bo as to enable the workers to sort the 
minerals properly. When breaking and picking are carried on together, 
a gang of from 10 to 20 workers will be needed to break 100 tons of 
ordinary quartzose ore down to say li inch ring and to sort it ready for 
line crushing. In the case of complex ores, where a number of different 
classes have to be made, a relatively larger staft will of course be 
required. The cost of breaking by hand and picking may range from 
Ad. to Is. per ton, inclusive of all expenses. When breaking alone has 
to be done with little or no picking, each worker may be reckoned to 
break from 20 to 60 cubic feet of mineral per day, according to its 
character. A good workman can break li cubic yards of hard basaltic 
rock (: 2 cubic yards of compact limestone to road-metal size (to pass 
through a 2 inch ring) in a day of 8 hours. The wear and tear of the 
breaking hammer amounts to about \^d. per cubic yard of basalt, and 
Id, per cubic yard of limestone. In breaking and sorting hard pyritic 
ore at Rio Tinto, an average day’s work is 4 tons per maa 

Machine-breaking. There are two types of mechanical rock- 
breake]^, the reciprocating and the rotating, the former being repre¬ 
sented typically by the Blake and thf latter by the Oates rock-breaker 
(or ore-crusher as it is often called in America). 



Fig. 92. Blake rock-breaker. Plan and vertical section. 


Reciprocating breaker* may be divided into three (glasses: 

(a) those in .which the motion of^ the jaw is greatest at the bottom 

(b) those in which it is greatest at the top, and (c) those in which it ii 
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uniform all t])e down, these three classes being represented 
typically by the Blake, the Dodge, and the Forster Rock-breakers 
respectively. 

Class a. Jaw motion grecUest at tJw bottom. 

Blake rock-breaker. A usual form of this machine is shewn in 
plmi and section in Fig. 92, and in perspective in Fig. 93. The machine 
consists of a massive iron frame, in the front part of which is fixed 
a plate of steel or cast iron against which the nfineral is broken, and 
which is usually known as the fixed jaw. The iron frame carries a 
horizontal _8haft with driving pulleys and a pair of heavy fly-wheels; 



Fig. 9.'). liluke rock-breakor. Porspectivo view. 


on^this shaft is forged a mswsive eccentric, running nearly the full 
length of the inside of the frame. This eccentric actuates an eccentric 
plate or pitman, which carries bearings into which fit two toggle 
plates. The rear toggle plate rests in a bearing, carried on a folding 
wedge. The front toggle plate bears against the swinging jaw, which 
is a heavy plate of iron hung on a shaft in such a way that it can 
vibrate backwards and forwards. Like the fixed jaw, the swinging 
jaw k provided with a wearing lace of steel or chilled cast iron. The 
swinging jaw is drawn 'back and held firmly against the toggle plates 
by ^pans of a tension rod bearing against a solid indiarubber block 
that acts as a %)ring. Spiral steel springs are preferred by some 
makers, but are liable to break suddenly in use. The minimum 
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dutaiioe between the tKittom ends of the fixed lind ^winging jaws 
i^detennines the size to which the finished product is broken. This 
width of aperture C!vn be adjusted within certain limits by drawing up 
or letting down the folding wedfic by means of tl^e bolts that hold it 
in place. The aipacity of tlie machine is controlled by the area of the 
oimning Ixjtween tlie upiMir ends of the jaws, and the capacity of the 
machine is in ordinary practice indicated by dimensions of tliis opening. 
The sides of this opening are generally protected T)y a couple of steel 
liner plates or cheek pieces, which in some makes also keep the fixed 
jaw in jmsition. 

The action of the machine is simple: the wedge-shaped space 
l)etween the fixed and swinging jaws being filled with the material 
to Ix! broken, when the e(*entric shaft is revolved, the swinging jaw 
is pressed forward by the action of the toggle joint; it is well known 
that by the construction of this particular form of joint the pressure 
exerted at the end of the free toggle is a gradually increasing one, and 
finally iMJcomes enormous, although exerted only through a very small 
splice. This is precisely the action best calculated to split ni) the material 
lietweon the jaws, and ns the swinging jaw is drawn liack, the materi il 
crushed small enough to jiass between the lower edges of the jaws 
dro))s out, the remainder of the material settling down ',u little ; at the 
next forward swing the same crushing action is rejicated, and so 'on 
until all the material lietween the jaws has lieen crushed ami has 
dropjied through. In practice of course the material to lie crushed is 
fed in continuously at the upjier end, so that crushing and discharge 
of crushed material jiroceed continuously. 

The degree of crushing is governed by the ratio between the width 
of the top and bottom jaw apertures, or for a given length of jaw by 
the angle lietween the two jaws, which is usually 20" to 25°. The larger 
it is, the greater the crushing efficiency of the machine; it must not 
however lie too large, or there is risk of pieces of mineral being 
projected upwaitis out of the jaws. In Fig. 94 let KL and MN' be the 
fixed and swinging jaws respectively, inclined to each other at an angle 
6\ let C' 1)0 the centre of a particle of mineral between the jaws 
touching these in the points A and B. The particle is then subject' 
to the forces P the pressure duo to the swinging jaw, R the resistance 
of the fixed jaw, and W its own weight The force P may be resolved 
into the force P cos ^ acting along the line BA and P sin </> ■icting 
in the diicction 8, at right angles to BA, being the angle between 8 
aud jJOf; evidently by construction As'P is always very' 



Conmimdim 


\\l 

great compared to W, the magnitude of the force ia never in question 
because P sin ^ will always lie so much greater than W that the lattei 
may be neglected, hence the direction alone of the forces has to be con¬ 
sidered, and if ^ > tan“‘ /i, where n is the angle of static fi-iction, it is 
evident that the particle will be forced upwards. Hence we get for the 
safe construction of the appliance the condition that Stair' this 
lieing the condition that has to be fulfilled in onler to prevent pieces of 
stone from being projected upwards. ^ 

It is evident that, aceording to the length of the pitman for any 
given throw of eeeontric, the toggle plates may be in a straight line, 
and therefore the crushing pressure a ma.viinnm, wdicn the eccentric 



Fig,()4. Piugram of action of rock-breakcr. Fig. 9i5. Diagram of rock-breaker jaws. 

is at the top, or at bottom of its stroke, or at any intermediate position. 
In the two former cases the jaws will only be forced together once 
for each complete revolution of the shaft, in the latter twice, so that 
by this last arrangement, the number of vibrations being twice as 
great, the working capacity of the machine is increased. This is the 
usual arrangement in practice, the only objection to it being that the 
pitman is alternately in compression and in extension at the moment 
that the maximum pressure is being exerted, and that this double 
strain*must be provided for by suitably strengthening the pitman. The 
swinging jaw should be so suspdhded that the centre of the shaft 
carrying it should lie in the plane of the woridng &ce, or slightly in 

8—2 
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front of it, but never behind it. Thus in Fig. 95 let MN and EL be 
\the working faces of the swinging and the fixed jaws respectively-; if 
the centre of suspension of the swinging jaw is at G, a point lying in the 
prolongation of the line EM, it is ftvident that eachipoint in that tine is 
exerting a pressure perpendicular to that of the fece, the direction of 
pressure P at any point such as O being tangential to ^the circle 
described with centre C, of which CO is a radius. If the axis of the 
shaft C" be in front of the line ifA'^it is evident that the line of pressure 
P" is inclined to the fiice and may be resolved into p' perpendicular 
to it and r' parallel to it, the latter tending to press the point 0 
downwards, and therefore helping the crushing action to some extent. 
If however the axis lie behind the face MN as at C", the pressure 
P" exerted is resolved into p" the pressure at right angles, and r" the 
pressure parallel to the jaw; the latter portion tending to force the 
point O upwards and therefore out of the machine. To avoid any such 
danger, the centre C is usually kept a little in front of the face MN. 
The greatest amount of wear comes upon the lower edge of the jaws, so 
that after the jaw has been in work for some time the plane of the jaw 
becomes tilted backwards, so to speak, on account of this wear, ahd 
unless the axis of susimnsion were kept well in front of the plane when 
new, it might come to lie behind it when worn. 

Details of construction of a modern ])attern arc further shewn iii 
the sectional perspective view. Fig. 98, which represents a breaker, the 
body of which is made of cast steel, as made by Hadfield’s Steel Foundry 
Co. Ltd. 

Variations in construction are numerous but not very imjwrtant 
The frame is sometimes built up of steel plates held together by strong 
tie bolts, for the sake of portability; this construction should be 
avoided wherever at all possible. ITie dead weight of the frame is 
a positive advantage to the machine, tending to ensure smooth working 
and to confine the wear to the jaws. The force that crushes the 
mineral is evidently resisted by stresses tending to burst the end plates 
apart, and these are very severe, and it is difficult to get anything 
except an extremely massive casting to resist them. It is on this 
account that Hadfield and Jack employ cast steel instead of cast iron 
in the machine shewn in Fig. 96, so as better to resist the severe tensioiial 
strains set up in the frame. 

The removable faces of the jaws are secured in various wajn—by • 
means of T-headed bolts sliding in slots iii the back of the jaws, by 
means of conical-headed bolts through the jaws, by runnuvg the jaws 
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with lead or «inc, ete. The first is perhaps the best method; which¬ 
ever is adopted, care should be taken that the jaws are firmly aut^ 
evenly bedded. 

The jaws are ^metimes, but rArely, made of steel plate, which 
is only suitable to the crushing of soft material. 

“ Pin plates,” consisting of plates of ordinary mild steel, drilled with 
a number of holes 1 to 2 inches in diameter, into which plugs made of 
short pieces of round tool steel are forced, have ako been used. 

For breaking the harder minerals cast steel or chilled cast iron 



Fig. 96. H&dfleld and Jack’n rock-brcaker. Perspective sectiun. 


is preferable ; the latter is often selected when the machine is situated 
within easy access of an iron foundry ; otherwise cast steel is perhaps 
the best material, and where- the cost of transport is a serious item, 
•chrome steel and, above all, manganese steel may be recommended. 
The faces of the jaws may be either smooth or corrugated; in the 
latter case the corrugations are V-shaped in cross-section and run 
verti&lly, as in Fig. 96. The corrugated jaw is best suited to very 
coarse breaking only. * 

The wear of the jaws varies within wide limits; it may be averaged 
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at about O'l lb. of metal per ton of hard quartzose ore'broken ; it is 
V>ften however a good deal less. 

Blake rock-breakers are made of many different sizes. The following 
table shews the approximate sizes and capacities*that are generally 
obtainable, but the practice of different makei's tarics somewhat: 



Tons of hard 

Weight of 

• 

i.n.r. 

Bevolutions 

Size of mouth 

rock broken 

1 machine 

needed to 

per 


per hour 

j in ton» 

drive 

minute 

10" X 4" 

2-:} 

2i 

9 

600 

10" X 8” 

4- 5 

4 

12 

800 

15" xO" 

0-7 

7 

16 

250—300 

18"K10" 

8—9 

9 

20 

250-3(K) 

20"X12" 

9-12 

11 

25 

250—300 

24"X18" 

12-10 

16 

60 

200—250 

24"X 24" 

1H~22 

18 

40 

200—250 

no" X 24" 

10-24 

21 

45 

200—250 


The above caiaieities are for breaking to about a 2 inch ring. 



A 15 inch x 9 inch machine costs about £150 and a 80 inch x 24 inch 

C 

machine about £350. 

The Blake-Maredcn Lever Motion Stone-Breaker is shewn in section 
in Fijf. 97. It will be seen that this machine, though similarln general 
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principle, difliSrs in that the lever that actuates the toggle plates is bent 
and is worked from a crank shaft by means of a connecting rod, instead^ 
of being actuated directly by an eccentric. This allows the driving 
shaft and its bearings to be kept further away from the vibrating jaws, 
a position that pre.jent8 a good many advantages. The machine is 
however a, little heavier and more expensive than the ordinary form. 

A rather aberrajit type, best considered here, is the Schranz 
“ Sectorator',” shewn in Fig. 98. 

In tills machine the swinging jaw is curved and is suspended from 
a link in such a way as to have a rolling motion against the fixed jaw. 



Fig. 98. Sc*hmii7. Sectimitor. 


It is stated to break 2i tons per hour, of pieces varying up to 4 inch 
cu6e down to nut size with 200 revolutions jicr minute, and is said to 
consume no more power than an ordinary rock-breaker of equal 
dimensions, its object is however to break down to about 0'3 inch, 
and hence it might fairly be classed among medium breakers rather 
than coarse breakers. 

Rock-breakers have also been made in which both jaws vibrate, and 
others in which one swinging jaw vibrates between two fixed ones, 
so as to crush during both portions of the revolution of the eccentric 
shaftj and again with two swinging jaws and one fixed one, but none of 
these modifications have found any extended practical acceptance. 

‘ B. H. u. Sal Wet. VoL xxxv. 1887, p. 263, D. R. P. 30477. 
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principle to thtf iMt-named. The flywheel shaft carries a strong eccentric 
which actuates the pitman, the lower end of which is connected with the 
longer arm of a massive l)ell-crank lever •, the shorter arm of this lever 
carries the vibrating jaw. This jaw Is therefore pivoted at its lower 
end, so that the width of discharge does not vary througliout the stroke. 
This width js capable of exact adjustment by means of the set screws 
shewn in the front oj’ the machine, which move the bearings in which 
the swinging jaw is carried and tiglitens them fifmly against packing 
plates. This machine gives accordingly a more uniform product than 
the Blake, but its capacity is less. It works well on hard material; 
owing to the mode of suspension of the jaw, the pressure exerted is 
greater the further the material to be broken descends between the 
jaws, utitil it is broken small enough to escape. The following table 
shews some of the more usual sizes of this machine: 


Size of 
mouth 

Ton.s of hard 
rock broken 
}KT liour 

WoiRht of 
inaohine in 
tons 

1. II. 1*. 
needed to 
drive 

Itevolntioiis 

per 

minute 

9" X 7" 

3.1 

2 

8 

285 

12'> 8" 


» 

12 

220 

10"xl0'' 

6 

5 

20 

200 


The above capacities are for breaking to al)out 1^ inch ring, 'flic 
cost of a 12 inch x 8 inch machine is about £110. 

The Bartsch rock-breaker, made by the HumlK)ldt Engineering 
Co., is practically identical with the Dodge machine. 

X roek-Jbreaker known as the Booth Combination Rock-breaker is 

tiiade i ly the Risdon Iron Works; it consists practically of a Blake 
set above a Dodge breaker, each of these having its own vibrating jaw, 
whilst the vertical fixed jaw is continuous. The wearing feces of the 
jaws consist of alternate flat bars' of iron and steel set horizontally. 
The makers state that a machine having a mouth 9 inches x 15 inches 
will break 10 tons per hour to a 1^ inch ring and will reejuire 8 H.P. 
to drive it; the machine weighs 41 tons and costs £200. 

CiASS c. Jaw motion tlm taim at top and bottom. 

The Fonrter rock-breaker, FigT 100, was at one tiW largely used, 
but is now eomparatively rarely seen ; it is not unlike the Dodge breaker 
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except that the jaw vibrateB alwut a vertical instehd of about 
horizontal axia The makers, Mcssni Fraser and Chalmers, Ltd., stat 
that a machine haviiij; a mouth 7 inches x 18 inches will break 6 tons 
hour to about a 2 inch rin|if, usin^ ."i h.p. and running at 300 revolutiom 
f)er minute. The machine weighs nearly 3 tons ahd costs about £150. 

In all reciprocating breakers a heavy flywheel is an eiisential part 
of the machine; the momentum stored up in this during that part of 
the stroke in whicli no breaking is done is available for overcoming 
the resistance to crushing of the material between the jaws in the other 
jrart of the stroke; even so, however, the action of the machine and the 
power it alrsorlis are very irregular and variable. 



Kig. OX). Forster nK;k-brc!ikcr. Seetioniil eloviitioo. 


Rotating or Oyrating rock-breakers. All of these, which are 
very similar in construction, consist practically of a circular liopijer 
in the shape of an inverted very acute-anglc<l truncated cone, which 
is furnished with a conical steel liner wdiich is the equivalent of the 
fixed jaw of the reciprocating rock-breaker; within this is suppoi-ted 
a steel cone apex upwards, which is supported near its apex, whilst the 
lower end of its axis is carried round in a small circle by means of 
a crank, this gyrating cone corresponding to the swinging jaw. As the 
cone is carried round, any line on the generatrix will uniformly approach 
and recede from the inner surface of the cone within which it gyrates ; 
material dropped into the outer cone will therefore be crushed between 
•the walls of this fixed cone and the inner moving one. The angle of 
the two cones is usually made the same, and should in that case not 
exceed tan"'/t, where n is the coefficient of friction between the 
material to be broken and the steel breaking surface; or in other 
words the angle between the surfaces of the two cones must be less 
than 2 tan”V in the case of the reciprocating breaker.* 
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•* ne wax*! ifreaKer. The construction of this is Shewn in section 
in Fig. 101 and in perspective in Fig. 102. It will l)e seen that the fixed 
annular jaw is supported in a massive casting, which is bolted to another 
casting that carries mot only the bc®y of the machine but also the 
bearing for the short horizontal driving shaft and the step for the 
vertical shu^t by which the head is cau.sed to gyrate. The steel shell 
against which the cruiihing takes place drops into the body and is held 
in place by another casting bolted to the top of tlie body, which at the 
same time forms a hopper, and which also carries tlie up])er bearing 



Fig. 101. Gates rock-brcaker. Vertical aectioii. 


of the vertical shaft. This bearing is steadied by three, or in the newer 
patterns, by two massive arms which divide the mouth of the machine 
into three (or two) openings, and thus limit the size of the pieces that each 
machine will take. The steel crusliing head slips over the vertical 
shaft, the lower end of which is carried round by the eccentric driven by 
the bevel gearing as shewn. Tliis head is not keyed to the shaft, so that 
it do« not rotate with the latter, but receives a gyratory motion that 
brings it close to all parts in turn of the conical steel shell, without 
any rubbing or grinding motion being possible of the crushing suifaces 
or of any pieces of mineral lying between them against either surftice. 
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Though hardly as well suited as the reciprocating rock-breaker to small 
outputs, this machine is decidedly to be preferred when large quantities 
of material have to be broken ; under these latter conditions it is more 
economical of power and above ID runs with far l^ss vibration than the 
Former type. A reciprocating crusher neces8arily*8train8 its foundations 



Fig. 10'2. (latOH rock-breakur. JV'r«|ioetive view. 


lore than does a rotating one ; the cost of renewals is however rather 
reater with the last-named. 

The following table shews the approximate capacities of lyliesc 
machines, according to the makers: 


l>iamet«r 

DimenHionfl of 

Tonn of hard 

of 

eftoli of (2) open- 

' rook broken 

bopper 

i ings of mouth 

per 21 hourfl 

87J" 

6"xl8" 

! 8.} 

89l" 

6"x21" 

6 

44|" 

7"x22" 

8 

bV 

8"x27’' 

12 

50" 

! 10"xS0" 

20 

66" 

ll"x86" 

25 

120" 

14"x46" 

85 . 

182" 

18' xOB" 

; 85 


Weight of : 

I.H.P 

Bevolulions of 

machine ^ 

needed to 

driving shaft 

in tons { 

drive 

per minute 

21 


475 

8 ! 

20 

450 

6 " 

80 

425 

91 

40 

' 400 

13 " 

50 

875 

18 

60 

! 850 

27J 

80 

! 850 

40 ! 

100 

850 
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The cost of •a 10 inch x 30 inch machine is about £500. 

The Comet rock-breaker made by Messrs Fraser & Chalmers, Ltd., 
is very similar, and other machines, like that made by the Union Iron 
Works, differ mainly in that the gyrating shaft is suspended from the 
top bearing instead oftbeing supporte<l by a step at the bottom. 



Fig. 103. Hecla rock-breaker. Persjjectivc eoction. 


A similar arrangement is adopted for the Hecla breaker made by 
HadfieW’s Steel Foundry Co., Ltd., shewn in Fig. 103 in sectional 
perspective. In this pattern the spindle that carries the gyrating cone 
is hollow and is supported on a ball bearing carried on a vertical 
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column iiuide the spindle; the whole of the breaker, except the founda¬ 
tion plates, is made of cast steel, and special attention is jwid to the 
lul>rication of the morin)' parts. The driving pulley is not keyed to 
the cfjunter shaft, but is secured to a strong collar keyed on the shaft, 
by breaking j)inH, arranged so as to shear in ca^e of any unduly hard 
material finding its way into tlie breaker. 

In all foniis the widtli of tlie discliarge aperture can fie altered by 
raising or lowering tlie vertical shaft that carn'es the gyrating cone; 
the amount of adjustment that is thus possible is somewhat limited. 



Fig. 104. Marsden’n pulveriser. Vertlcjil section. 

The action of these machines is smoother and more unifonu than that 
of reciprocating breakers, and as the breaking action is contftiuuus 
a heavy flywheel is not rapired. 

B. Medium Cbushino. 

This tenu may conveniently be applied to breaking performed in 
machines which receive the mineral after it has undergone a first 
breaking, and which deliver it in the form of a coarse powder, the 
upper limit of which may bo fixed at particles of about J inch in 
diameter; of course a considerable amount is reduced to fine powder 
at the same operation. These machines work either by impast or by 
pressure; they are most typically sepresented by the well-known Comidi 
rolls which act in the main by pressure. 
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Mandeni’ Pulv^riier, Fig. 1«4, is somewhat similar to tlie Schran* 
Soctorator in mode of action, the swinging jaw also receiving a rubbing 
motion. In order to enable it to crush fine enough it is furnished 
with horizontal ribtt or teeth like those of a file; when these teeth 
’Sire worn away its efficiency is considerably diminished, but the machines 
do not seem to have come into at all general use, so that it is <lifficult 
to give any "data as to the results jiractically obtained by them. Tlie 
largest size machine mhde has a jaw a|)erture of 2(1 inches x 3 inches and 
weighs () tons ; it is said to be able to crush 21 ‘cwt. per hour to a 





Kig. SturteviUit roll-jiiw unislicr. Verticul Kcciioii. 


mesh of' 30 lioles to the linear inch, consuming about 20 h.p., the pulley 
si>eed iteing .3(»0 revolutions per minute. This machine costs £2.W. 
The makers state that the capacity of the machine varies as follows 
iccording to the degree of fineness of crushing : 


Holes per 

Ratio of material j 

linear inch 

oruflhed j 

80 

100 

20 

no : 

16 

120 ' 

10 

• 145 






1138 The tDres8ing*of MinetUls 

The Sturtevant HoU Jaw fine crusher, Fi);. IVo, is, also somewha 
similar in its mode of action. 

A Fine Crusher is also built by the Gates Iron AVorks, similar i: 
general construction to their rock-breaker. The concave die is howtve 



Kg. 106, Gates fine crusher. Vertical section. 


here replaced by a cylindrical casting as shewn in the section, Fig. 106 
and the conical head is much shorter than in the rock-breaker, and ii 
suspended instead of being carried on a step. This machine is iptendet 
to take rock broken to a 3 inch ying and to crush it down to \ incl 
mesh. Its canacitv is stated to be 30 to 40 ewts. ner hnnr nnH ifi 
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consumption of power equal to about 15 H.P. The driving pulley 
is 24 inches in diameter and makes 600 revolutions per minute. 
The machine weighs 85 cwts. and costs £250. It has not yet come into 
genera] use. 

• 

Kolls. Although these machines, the most generally used of all 
forms of medium crushers, vary considerably in the details of their con¬ 
struction, the mechanical principles involved are everywhere the same. 
If two metal rolls be made to revolve so that the upjKjr surfaces are 
moving towards each other as indicated in the diagram, Fig. 107, and 
a piece of mineral be placed between these surfaces, the mineral will be 
drawn in between the approaching surfaces by the friction between 



i'. and fiese surfaces (if the necessary conditions are duly observed) and 
will thus be crushed until the comminuted particles drop through 
between the rolls, which are not supposed to be in actual contact 

It is necessary that the size of the particle to be crushed, and the 
diameter of the rolls, shall bear a definite proportion to each other, 
the size to which the mineral is to be crushed having also to be taken 
into accomit 

In Fig. 107 let A and B be the centres of the two rolls, and let C be 
the centre of the piece of mineral to be crushed (supposed spherical), 
the rolls touching this sphere in tlie points F and G respectively. 
Considering* the roll A alone, the tangential direction of motion of the 
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roll, ¥Fl, at the point F may be resolved in the directions FG, FK ; 
the component PG of the force applied at the periphery of the roll 
tends to crush the sphere of mineral, the component PK to draw it 
downwards. In order that it sH&ll be drawn dowpwards it is necessary 
that the limiting value of the angle HFK shaH be tan”’ ^ where ^ 
is the coefficient of friction between the surfaces (in praptice p. = 0'3 
and tan”’ 17° approximately). Americans call the half of the angle 
between the tangents at F and G the ■“ angle of nip ”; it is obvious 
that the “ angle of nip ” is equal to the angle HFK. 

Let the radius of tlie rolls = /f, tlie radius of the sphere to be 
crushed = r, and the distance ED between the rolls = ’id. 

Angle DA C — 90° - A CL = 90° - KFA - 9°, where 9 - tan"’^, 

cos 9 = = *•— ; (cos 9" = cos 17° = 0‘96), 

CA It+r 

R + d = {K + r) cos 9, 

iZ( 1 - cos 9=) rco»9-d\ or taking the above value for 9 
0-04 R={Ymr-d, 

R = 2.') (r - d) approximately. 

So that the minimum admissible radius of the roll is hereby de&r- 
mined; it is best expressed by saying that the diameter of the roll 
should be at least 25 times the difference between the mean radius of 
the pieces to be broken and the mean radius of the particles in the 
crushed product. In this fomula the weight of the sphere, which is 
relatively quite utiimportaiit, is not taken into account. 

Hittinger gives the fomiula (using the above notation) JJ > 18 (r—d), 
and thus takes a higher coefficient of friction than is given above. His 
coefficients are p, = ()'85 and = 19° 16'. The exact determination of 
these coefficients is a matter of considerable difficulty, but it is best to 
keep on the safe side and to make the rolls sufficiently large. The 
formula indicates that the rolls must be greater, the greater is the 
degree of reduction, and it shows that if a very large amount 'of 
reduction were retiuired at one operation the rolls would have to be 
inconveniently large; these machines are therefore only used for 
medium crushing, beginning with material that has previously been 
broken in rock-breakers ; when this is not done it is better to perform 
the crushing in two operations, using one pair of rolls for the coarser 
and another for the finer breaking. In order to enable rolls of smaller 
diameter to be used, some device for increasing the friction between the 
rolls and Hie mineral to be crushed is also at times adopted; this is 
best done by furnishing the rolls with corrugations or teeth, The first 
set of rdls or “toughing rolls’’ are often so treated. 
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The so-called Cornlih rolls present the oldest form of this class of 
machine, and appear to have been first used in Cornwall about the 
beginning of the 19th century. They are shewn in Figs. 108 to 110'. 
The rolls or rollers thpmselves consist 8f two cast iron cylinders, A, B, 
keyed or wedged on tcf the shafts, which may be either round or square. 
An outer wearing shell of hard steel or good chilled iron is slipped over 
the roller bodies and secured by means of iron keys or wooden wedges 
as shewn on an enlarged scale in Fig. 110. One of tl^p shafts is positively 
driven (in Cornwall often by means of a water wheel with which it is 
connected by gearing), the other is sometimes driven only by friction, 
but is now usually driven by gearing, a spur wheel being keyed on each 
of the roller shafts, this being the arrangement shewn in the figure. 
These spur wlieels must have involute teeth so as to be in gear whatever 
the distance apart of their axes may be ; both the spur wheels and the 
rollers are best made of equal diameter so as to keep tlie peripheral 
speeds of both rolls etiual, and thus avoid anything of the nature of a 
rubbing or shearing action which would produce much dust instead of 
^he granular product that is aimed at. Sometimes the directly driven 
roll*is, as shewn in the plan (Fig. UI9), rather wider than the other; 
this roll is carried in fixed bearings. The bearings of the other roll 
consist of blocks sliding in guides; they are pressed inwards by means of 
i)ell-crank levers, C, the longer arms of which are loaded, usually by means 
of s Ikix filled with stones, scrap iron, etc. The longer arm is usually 
about 9 times the length of tlie shorter one, and the weight may vary 
from i ton to about 2 tons according to the material to be crushed. 
The object of this arrangement is that tlie rolls may be kept pressed 
towards each other by a uniform pressure, but that if anything too hard 
to crush gets into the rolls, it can force these apart and drop tlirough 
without injuring the machine. The rollers are carried in a substantial 
friiine. Above them is suspended a hopper to receive the material 
to be broken, and the cruslied mineral drojis into an inclined trommel, 
D, which screens out all that is sufficiently fine. The oversize drojw 
into a “ rafl^ wheel,” E, a wheel furnished as shewn with internal buckets 
by which the refuse is elevated and returned by the short F to the 
hopper to go through the rolls again. The following table'* gives 
particulars of the dimensions and other details of a number of 
characteristic Cornish rolls in use in various places about the year 1878 ; 
• 

^ Proc, In$t. Mech. Eng.^ the raecl^ical appliances used for dressing Tin 
and Copper Ores in Cornwall,” by H. T. Ferguson, 1873, p. 119. 

^ A De*crij)tive TreatUe on Mining Mnehinery, 8. 8. Andr6, Vol. ii. 1878, p. 186. 
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Modem rolls are more strongly built and more compact, and are run 
at considerably higher sjxieds than the old Cornish rolls. One of the 
chief structural difierences consists in replacing the weighted levers b^ 
springs ; these are either altemafe discs of solid indiarubl)er and sheet 
iron or else strong volute or lielical springs wound round an iron spindle, 
the outer end of which is threaded and furnished with a nuj so that the 
springs can be tightened up to any re({uircd extent and thus be made 
to exert the necessary i)ressure. This is a far neater arrangement than 



Kig. 111. Geared liigh-siwoJ mils. Elevation am) ?kui. 


the old weighted levers, but is mechanically inferior; the weighted 
levers are practically rigid until the pressure lietween the rolls exceeds 
the load on the levers, but when springs are used, these will always 
yield to some extent in proportion to the pressure between the rolls, so 
that the newer method involves greater irregularity in crushing than is 
attained when a heavy weight, hydraulic pressure, or a rigid con¬ 
struction is employed, < 

All these rolls are intended primarily for medium cruslung, that is 
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to sayl for yielding a product only moderately fine, crushing say down 
to about pea size. 

More recently however rolls have been extensively used also for fine 
crushing, down to a^xtut 30 mesh; tJ»e general design remains about 



Fig. 112. Belt-drirou high-speed roIU. Elevation and Plan. 


the same, so that it is scarcely possible to differentiate these two 
classes. As a rule, however, the peripheral speed of the rolls for 
fine cPushing is much higher. The diflerence lies lai^ely in more 
accurate and careful construction and depends to a great extent upon 
the employment of superior material for the roll siirfeces ; it is obvious 










































138 The Dressing of Minerals 

that ID onJer to yield a unifonn fine product these latter must be very 
smooth and true. The rolls must be held together very accurately, 
either by means of exceedingly powerful springs or else by dispensing 
with springs altogether. Two s#ts of rolls as made by Messrs Fraser 
and Chalmers, Ltd., arc shewn in Figs. Ill and IK respectively. The 
general construction is very similar in Iwth cases, but the,former are 
geared rolls, one of the roll shafts being driven from a pulley shaft by 
means of gearing, whilst the other roller shaft is driven by gearing from 
the first one. In Fig. IK, each roll shaft is driven independently by 



means of lielting, usually by one open and one crossed belt off a pair of 
pulleys on the same main shaft. The latter construction is well suited 
to heavy and powerfid rolls. In Iwtli these rolls solid indiarubber 
springs are employed. 

In Fig. 118 is shewn a set of rolls, belt-driven like the last, but 
having tlie sliding bearing pressed towards the fi.xed bearing by nests of 
powerful spiral springs, drawn up by a long substantial through bolt 

Krom roUs, manufactured in this country by Messrs Bowes, Scott and 
Western, Ltd., are used for fine crushing exclusively. These rofis are 
shewn in side elevation in Fig. 114. 41ie rolls are carried on shafts which 
are not geared tag^hca-, but are driven independently by belts, one of 
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which iB operrand the other croeeed. This arningement enable* the 
two rolls to be driven at different speeds if desired, and this was the 
original intention. It w'as found however tlint when the two rolls are 
run at markedly different speeds, thc%ction upon the particles of ore is 
no longer a true crushing one, hut sliearing is super-induced, thus 
producing ^n excessive amount of dust or slimes. It is, on the other 
hand, an advantage to drive the rolls at very slightly different speeds, 
say in the ratio of 100 ; 101, the difference not,being enough to cause’ 



shearing in the particles of ore, but merely to ensure that corresponding 
portions of the roll surfaces shall not always come together, thus pro¬ 
ducing a more uniform wear of the crushing surfaces. One of the rolls 
(the right one in] Fig. 114) is carried in fixed bearings, the other being 
supported on swinging arms pivoted on the base plate of the machine, 
and drawn over by means oi batteries of spiral springs which exert 
a powerful pull through the steel coupling bolta The method of 
securing (Jic forged steel roller shells is ingenious. The body consists 
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of two truncated cones, tapering inwards as sliewn in Fig. 115. Une 
of these is forced on to tlie shaft by hydraulic pressure, and is 
thus flmily fixed ; the other slides on the shaft, being rotated by g, 
feather on the shaft which fits int8 a groove in the yonical boss, the two 
cones being held together by {sjwerful bolts. The Inside of the shell is 
turned to fit this donble-coned Isidy. When it is required to renew 
a shell, the bolts arc loosened, the sliding half of tjie boss is drawn out, 
the old shell is slij)|)ed off and the new one slip|)ed into place, the sliding 

cone is rejdaeed and the bolts tightened 
up. By drawing up these bolts the 
shell is held in place by friction 
ag.iinst the boss. A worn out shell 
can thus be replaced easily and rapidly, 
but is (|uite firmly held in place when 
the machine is in use. The shells are 
usually 20 inches in diameter by I.') in 
length; they are run at from HO to 
100 rev(dutions per minute, and thi^’'^ 
require about 10 to 12 H.P. Such a 

Hectioii tl.nmgli’roll. 1W''’ "'''1 2 tons of 

average ore per hour to about 30 mesh, 
It is said that a [wirof shells will crush als)Ut 15,000 tons of average ore 
before they are worn out. For successful fine crushing it is es])ecially 
important that the ore to In.’ ernshed should be delivei'cd ou to the ndls 
as uniformly as possible, and for this imipose an automatic feeder is 
mostly employed. The feeder used with the Kroin rolls takes the form 
of a vilmiting tray beneath a hopper, into which the ore is charged, 
usually by hand. 

llie Denver Engineering Works Co. make a medium crushing roll in 
which one of the roller shafts is fixed whilst the other is carried 
on a swinging lever, somewhat like the Krora roll, except that the 
springs act in a vertical line. These rolls, shewn in perspective in 
Fig. 116 and in plan and side elevation in Fig 117, are made in three 
standard sizes, namely : 

i Width of face 

inchefi inohea 

12 20 100 to 150 

U, 27 . 75 to 125 

16 86 I 50 to 76 



Diameter of roll i RevolutionH per minute 
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The makere state that according to a series of experiments by 
Mr Philip Argali, there is a definite peripheral speed at which rolls do 



Fig. 116. Modiuni crushing rolls. Denver Engineering Works. Co. Fers{>ectivo. 


ilieir best work, this speed depending upon the size of the ore to be 
crushed, as shewn in the following table : 


Diameter of piecen i Peripheral epeed 
of ore to be cniwhed ; of toIIh 


inches 

1'26 

0*25 

0-05 

0-036 


feet per minute 
860 bo 400 
850 bo 000 
700 bo 750 
1000 


The data are shewn more fully in the graphic diagrams issued by 
them, Figs. 118 and 119. 

Mr ArgalP has recently designed rolls in which the two bearings of 
the fisee roll are situated at either end of a U-shaped yoke, the pressure 


Tram. Imt, Min. and Met, VoL i. 1902, p. 234. 




iug Works Co, Plan and side elevaflon. 
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She op Ore Cube fed to Rolia- Inchest 
Kig. 118. Diagnun of spuod of roUit. 

being applied through the medium of springii and tie bolte to the 
central portion of tiie yoke ; by this means he insures that the pressure 
upon both bearings shall be equal, and at the same time maintains 
the fixed axis and the firee axis* always strictly parallel to each 
other. 
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A somewhat similar arrangement is adopted by*the Humboldt 
EDgineering Works, as shewn in Fig. 120. 



Kig. 119. Diagram of theoretical capacity of rolls. 


The following table shews some of the leading sizes ttccording the 
last-named makers; 


Rolls 

Bevdlutiona 

Horse'power 

Grunhing 

Oiameter Length 

minute 

required 

hour 

1 

inobee incheB 




lOi 10 

180 

8 

26 I 

121 10 

110 

4^ 

48 1 

16 10 

90 


66 1 

ail 10 

76 


102 

27} 11 

46 

12| 

146 

8T| 12 

46 * 

16 

aoo 

_ S- 
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Tie above Qroduction is for rolls set inch apart; the smallest 
will take J inch cubes and the largest inch. This firm supplies 

tyre grinders by mean^ of which the surfaces of the tyres can be ground 
and kept true whilst the rolls are iit operation. It will be noticed 
that the rolls are, asys now often the case, supplied with material by 
means of an automatic shaking feedfer. _ Another modem set of rolls 
designed by^Idison for fine crushing is shewn in Fig. 121. 

In some of the fine crushing rolls made by the^Denver Kiigineoring 
Works Co. both rolls are carried in fixed bearings; one of these is 
permanently Indted to the base plate of the machine ; the other slides 
in guides and can l)c fixed by means of ls>its at any desircsl distance 



Fig. 120. Fine cruHhing rolln. Humboldt Enghioering Works. 


from the first-named so as to crush to any desired degree of fineness. 
Tlie arrangement is shewn in plan and elevation in Fig. 122 and in 
perspective in Fig. 123. They arc made in the same three sizes as the 
rolls with springs. The makers, of these rolls hold that springs are 
not re(juired for fine crushing rolls, because in the first place any 
substance likely to injure the rolls will have been removed in the 
course of the screening which should always follow coarse crushing 
and psecede fine crushing, and in the second place should anything 
of the kind get in, no harm will ,l)e done provided every part of 
the machine is of ample strength to resist the maximum strain that 
t. * .10 




iiiim 


121i Modern Kdison high-Apeod rolls. Elevation and plan. 
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Fig. 122. Rolls with rigid Iwarings. Plan and elevation. 

appartiitly with truth, that when both rolls are held rigidly the required 
distance apart, a more uniform product is obtained than when this 
distance i% subject to variation, as it is when springs are employed. 

. 10--2 
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The shells are attached to these rolls in the same way as is used for 
Krom rolls. 

The principle of having both rolls carried in fixed, but adjustable, 
bearings appears to be sound, though provision must be made so that 
no serious damage shall be done should an unduly hard piece, e.g. a 
steel nut, a pick-point, etc., find its way into the rolls. This may be 
efifectively secured by having the driving pulley loose on the shaft, and 
connected to a driving collar keyed to the shaft, by one or two breaking 



Kig. ]23. ItiillB witli rigid liuiiriipgs (eiicl(iscd). I’einjKsetive. 


pins, or bolts, as is done in some of the rigid rolls of the Denver 
Engineering Works Co. This device is illustrated in Fig. 124 ; the 
driving pulley there shewn runs loose on the shaft, whilst a collar is 
keyed on, to which the pulley is secured by bolts of such strength 
as to shear tefore any iiyury is done to the rolls. 

Another methiKl sometimes used is that of having one of the bearings 
movable, and replacing the springs by a breaking piece, usitally a 
hollow casting arranged so as to br^k whenever the strain on tlie rolls 
exceeds what may be looked upon as the safe limit By this means the 
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roll* are held ngidly at the desired distance apart, whilst the machine 
is yet protected from any injurious strain ; this is probably preferable 
to the use of either springs or weighted levers when a uniformly sized 
product is required. * 

In modern practice it is usual in large plants to arrange sets of 3 to 6 
rolls in series, so as to gradually reduce the mineral to be crushed, all 
the mineral that is supiciently fine being screened out between each set 
of rolls. Such a system of rolls may either be lYctually set one almve 
the other or tlie rolls may all be on the gi’ound level, the material being 



Kig. 124. Safety driving imlley witli nlieiiring bolts. Kleviition and section. 


elevated l)etween eaeh jtair of rolls. Both modes of construction have 
their advocates. 

A typical plant of this kind at the Mount Morgan Mine consists of 
eight sets of rolls arranged in two series of four each, as follows: 

I. 26 in. diameter, 113 in. face, set ^ in. apart, running at 112 rova. {jer min. 


II. 

26 „ 

„ 15 „ 

... ft „ 


III. 

to „ 

« 16 „ 

.. A.. 


IV. 

ao „ 

16 „ 

„ in contact. 



The total power consumption (including breakers, etc.) was 100 H.P., 
and tHe crushing capacity 125 tons per 24 hours crushed to 2(1 mesh 
(0'025 inch). The wear on the roll tyres is given as O'lOfi Ib. of steel and 
the cost of the material for renewals as 10U<4 per ton crushed. 
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Mr ArgalP eHtimates for a plant to crush 200 tons of ordinary ore to 
0'02 inch as follows : 

A 12 inch x 20 inch Jllake crusher breaking to 17 inch ciilje. 

I. llcll SB in. diameter, 16 in. fiiee, S.l revs, [wr mint, crnslfing to 0*75 inch. 

II. „ 26 „ „ 1.7 ., „ 6.7 ,, * „ 0-i5 „ 

III. „ 26 „ 1.7 „ .. 90 „ „ f 0-1087 „ 

JVandV. „ 26 „ „ 1.7,. „ 110 „ „ 0-02 ., 

• 

lie considerK that this jilant would reipiire 10.7 i.H.r. The average 
wear of the shells of such rolls is given as 0'22() 11). of steel per ton of 
ore crushed. 

It is froipieutly desinible that a maehine intended for crushing to a 
given size shall make as little fine ilust as po.ssible ; the size limit of the 
latter is usually tsiken as lietwecn 0‘002 and O'OO;) inch. Ilolls are 
isirticularly satisfactory in this respect, delivering ft pi’odiiet that is 
granular ratln'r than dusty. 

Thus in crushing down to 0’02 inch with rolls the products should be 
alxiut us follows on average ores : 

IJotwoPU 0*02 in. hikI 0*1)1 in. IT) cniit. 

Hntwoon O'Ol in. and ()*lX)r) in. 20 

Ik'tweon 0’(X).'5 in. and O'fK)*^;; in. JiJ) 

Holow 0’(X)2r> in. :M) 

It has already lieeii poiiitcsl out that when an e.\ee[)tional degree of 
reduction is reiiuired with but few jiasses, rolls provided with eorru- 
gations or projections must lie employed .so as to jiroducc a positive 
grip on the material to be eriisbed instead of relying on friction alone. 
This is especially the case when iireliiuiiiary coarse crushing has to be 
performed, and is more suitable for material that is eomparatively easily 
broken. A tyiiical exam])lc is shewn in Fig. 12.) which represents a pair 
of tandem crushing rolls, the uiiiK-r fitted with teeth and the lower 
corrugated. These were built by .Messrs Head, Wrightsoii and Oo., Ltd. 
for breaking coal, and will reduce pieces up to 2 feet cube down to 
2 inches cube at the rate of 50 tons per hour. 

These teeth are made of various forms, and are often built up of a 
series of rings like toothed wheels threaded upon the body of the roll. 
Corrugated pdls are often used in the first crushing of ordinary vein- 
stuff, such rolls being often spoken of as “roughing rolls.” 

Edison has used corrugated rolls for fine crushing, the teeth of bis rolls 
being saw-shapedin cross-section. Such rolls arc shewn in Fig. 121 ; they 

* TVfifM. /fut. Mm. M(U, Vol. x. 1902, p. 234. 
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have been madfl from 24 inches diameter by 0 incheH face up to .10 inches 
diameter by 8 inches face, and have been run at about 2(10 revolutions 
per minute. The rolls are set so that the points of the corrujyations arc 
inch to ^ inch apart, but they are fSreed further apart by the stream 
of ore passing betv^ecn them. 1 his is the system of fine crushing 



Kig. Toothed rolls for broukiiig coal. 


usually spoken of as choke-feeding, where a body of material is forced 
between the rolls considerably in excess of what they can crush at once 
to the required degree of fineness, that which is sufficiently fine being 
screened out, and the oversize returned to the rolls. 

A set of Edison rolls 32 inch x*8 inch using 32 I.H.P. will reduce 
about 30 tons of cement clinker per hour to a fineness of 87 per cent 
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through a 2()() mesh scTcen ; while a aet 36 inch x f! ihch will reduce 
from 60 to KM) tona of iroiiatone ])cr hour to 30 mesh fineness. 

The earlier and smaller Kdiaon rolls for fine crushing were dmwn 
together by an ingenious multiprt ing gear of steel wire ropes' actuated 
by a pneumatic cylinder, but the wear on the ropeS was too gi’eat, and in 
the larger itHslern rolls this ro])e system is replaced by jH)werful springs 
as shewn in Fig. 121. 'I’hese springs arc so arranged that the rolls may 
1 ki set up to eomiKinsate for wear on the corrugated j)lates without the 
spring pressure Ireing disturbed, or the spring pressure may be adjusted 
at will without the set of the rolls being disturl)ed. 

In this connection a decidedly alrerrant type of I’olls, which work 
on an entirely diffei'ent ]»rineiple to ordinary I'olls, may l>e considered 
here, this being the Edison Giant Rolls. A set, erected in New 
Jersey, were .'i feet in diameter by a feet face, studded with projecting 
teeth 2 inches high and with several rows of “slugger ” knobs -1 inches 
high. The rolls are faced with chilled cast iron |>lates, ]>nl on in 
segments and bolted to the iron cores with bolts having countei'sunk 
heads. The rolls are set in massive fixed l)carings with centres 7 ftf^t 
2 inches ajairt, so that the faces of the rolls are It inches aj)art, leaving 
a (dear space of 6 inches la-tween the points of the knobs. The rolls 
run at l.'M) revolutions per minute, the total weight of the moving mass 
l)eing about 76 tons. There are driving imlleys on eacdi of the roll shafts, 
the latter being 16 inches in diameter. These pulleys are not however 
keyed to the shafts but are held on by means of powerfid friction grips 
consisting of Imnd brakes tightened up by strong s|)rings. The rolls are 
driven by an engine of 60 H.l'.; when running emirty only about 
60 H.P. is consumed. The rock to be broken is fed in by skiploads of 
6 to 7 tons at a time, some of the pieces weighing up to 6 tons. When 
this load of rock is dropped uihui the ndls, the sja-ed of the rolls is 
somewhat checked so that the pulleys sli]) upon the shafts. In doing 
BO the vast momentum stored ui) in the moving masses is utilised and 
under this force the teeth and sluggers impinge upon the rock which is 
thus rapidly broken downi to about 10 inches cube. As soon as the load 
of rock has passed through, tbe pulleys grip ujion the shafts again, the 
rolls arc accelerated up to their full speed and are then ready for another 
load. The capacity of these rolls is 3(M) tons pm- hour. Tlie cost for 
wear of plates is said to be O'lrf, and for other repairs 0T4(/. per ton of 
ore cniahe(L ' 

• 

* Tnnu. /ntt. MitL' “Drj' Crualiing of Ores by the Kdison Procesa,” by 
W. Simpkiu and J. B. Ballantiue, Vul. xtv. p. 70. 
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It will be seen that the breaking is done wholly by impact, and that 
the momentum stored up in the moving rolls is utilised to obtain the 
recessary power. 

The material broken in these rolls is*further reduced in rolls furnished 
with knobs, followen by others with deep corrugations; these do not 
differ from .ordinary rolls except in their great size and high speed 
of running. 

Even larger Giant rolls, 7 feet diameter by / feet face, in which 
the weight of the moving masses exceeds 100 tons, as shewn in 
Fig. 126, have been erected at Dunderland to deal with blocks of ore up 
to 8 tons in weight; instead of the friction grips above described each 



12(k One of a jwiir of K(Hmo]i “(iiiiiit” rolln. 

roll is worked by an independent engine, which slows up when a large 
piece of rock is being erushed. The points of the knobs in these rolls 
are 8 inches apart; they alworb about 130 h.p. and have in actual 
practice crushed over 250 tons per hour, and could undoubtedly do even 
more. 

The method in which these rolls are arranged and combined with 
others for the successive reduction of such very large blocks, down to 
about J inch cube is illustrated in Fig. 127, which represents a somewhat 
smaller plant used for crushing limestone for the manufacture of cement 
B is the hopper made of heavy castings into which are tipped the 
blocks* of stone, which may be up to 5 tons in weight; the giant 
rolls C are 5 feet in diameter by b feet face, of the above described 
constructiovthe stone is broken by these rolls to about 8 inches 
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cube, and then drops into the hopper D, from which the feeder E 
delivers it uniformly to'rolls F, whence it passes in turn to rolls O 
and H; these three rolls are all similar, It feet in diameter by 
3 feet face, with longiti’dinal grooves corrugations. The two upper 
rolls run in fixed beaViiigs, each roll shaft being driven by gearing, a 
breaking piege l)eing inserted for safety ; the lowest roll H is furnished 
with springs. All these rolls run at about 130 revolutions per minute. 
The total capacity of tile plant is 230 tons of limestone j)er hour broken 
down to f inch or rather smaller. * 


(!. Fine okushinc. 

One of the most widely used of fine crushing machines, namely, fine 
crushing rolls, has just lieen described, because, as already stilted, whilst 
rolls in their typical form are used for medium crushing, they can also be 
well adiipted for fine crushing, though not so well perhaiis for the very 
finest work. In the same way, stamp mills are essentially fine crushing 
mi^chines, but one form is used oidy for medium erushing; its description 
has, however, been deferred, and will be included under that of stamp 
mills in general. 

Fine crushing is performed either by percussion or by attrition; 
pressure plays as a ride a snlKirdinate part, though it no doubt comes 
into action in some grinding machines such as the tlhilian mill. In 
some machines percussive luition takes place not against a fixed anvil, 
but by the collision of particles of the mineral themselves dashed against 
each other at a high velocity. 

The stamp mill. This machine consists essentially of a mechanic¬ 
ally worked jiestle, the stamp, which is caused to fall upon and pound 
the mineral placed beneath it. Stamps may lie divided into two 
classes; Gravitation stamps in which the stamp proper is lifted by 
mechanical means and allowed to drop under the action of gravity, 
and Power stamps in which the descent of the stamp is due initially 
or entirely to some mechanical force applied to it. 

Amongst the cruder forms of stamping machines may lie named 
several that act upon the principle of the tilt hammer or helve. A very 
primitive machine of this kind, in use among the Chinese, has been 
described by the author'. In the Lake Champlain district iron ore 
has been crushed by a battery of tij^ hammers falling upon an anvil 


Tran$, Am«r. Tntt. Min. Eng. VoL IX. 1801, p, 324. 
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coiuiitttiiig of cast iron i)late8 with i inch perforations. 'The tilt hammer 
type of stamp is now practically obsolete. 

The ordinary gravitation stamp consists of a vertical stem terminating 
in a heavy head; the stem is lilted by suitable machinery (usually by a 
cam), and the entire stamp is allowed to fall, thcticad crushing the ore 
placed iMMieath it. The sim])le gravitation stam]) is a very old machine; 
it seems to have Ixien well known in the niinyig districts of central 
(lermany at the Ijeginning of the sixteenth century and is probably 
much older. This same tyia.^ of stiini]) was introduced into Cornwall 
probably early in the seventeenth century, and has continued in use in 
both Oennany and England with practically no modification in design, 
although stone and wood were gradnalh’ replaced by iron. Soon after 
KtoO the stami) was introduced into (!alifornia, and was there entirely 
remodelled. The tialifornian stamii, as it is accordingly ciilled. is the 
most modern modification of the stamp mill, but its ])rinei])le is still 
that of the simple meehanically lifted ]>estle. 

The Saxon ai\d Cornish sbunps are characterised by having staini) 
heiuls and stam]) stems rectiingular in cross-section, the stamp being 
thus unable to rotate, whilst the Californian stam]) is circular in cross- 
section and is caiuible of rotation about its vertical axis. 

The Cornish stamps, used ehiefiy for tin and co]))>er ores, are 
shewn ill front elevation in Eig. IsJti and in transverse section in 
Fig, lii!). There are usually four stamps in one battery box or eofer. 
These consist of wrought iron shanks (or liftoi-s) about 11 to 14 feet in 
length and about '2 inches x a inches in section. These are east into 
the rectangular heads, or else keyed in, the former being the more 
usual plan. 'I’he heads are made of white or mottled cast iron, usually 
al)out 24 inches in height and from (i inches to fi inches x lo inches 
to 12 inches in jilan, having thus a crushing face C()ual to (iO— 
100 sijuare inches. To the shank is attached the tappet or tongue, 
which is cajiablc of sliding up and down the stem and of being fixed 
by means of a key at any desired jxiiiit. I’he stem passes between 
two pairs of wooden guides, which are merely rectangular beams con¬ 
necting the battery uprights. The cam barrel which causes the lift of 
the stamps riius the full length of the entire mill in front of the stanijjs, 
and is carried in bearings siippoiTed by brick piers or wooden frame¬ 
work. I’he barrel used to be made of wood, but is now generally 
a hollow cylindrical casting into which the cams or wipere are fastened 
by means of keys or wedges; usually there is one cam shaft to every four 
sets or sixteen heads of stamps. There are usually five or sometimes 




Fig. 128. Cornish stamps. Front eloTation. 
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four cams to each stamp, so that the latter is lifted and dropped five (or 
four) times for each revolution of the cam barrel. The shape of the cam 
is that of an involute of a circle, the tangent to an involute being always 



at right angles to the tangent to its pitch circle If the pitch vircle is 
therefore of such a size that the.vertical tangent to it falls within the 
vertical travel of the tongue, the surface of the involute in.contact with 
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the latter will always be parallel to it and there will be no side thrust 
dereloped in the stamp, the rotary motion of the cam barrel being thus 
wholly converted into tlie vertical motion of the stamp. The geometrical 
cbnstruction is shewn in Fig. 130. In this figure, let O be the centre of 
the cam barrel, audio the point of contact between cam and tappet 
Desciibe the circle with radius Oo, and set olTan arc OlO equal in longtli 
to the desired height of lift of the stamp. Divide this arc into any 



Fig, KiO. Development of involute for cam of (/orniHli wtumpH. 

number of equal parts by the radii OI, 02, 03, ... OlO ; at the end of 
each radius draw a tangent equal to the lift of the tappet at that point, 
i.e. equal to the full lift at OlO and diminishing by e<iual amounts until 
the taiigent at Oo = 0. Join the points thus obtained, and the resulting 
curve is the involute which forms the upper surface of the cam. The 
dotted lines shew the jmsition of the cam and tappet at the top of the 
lift. In Coniwall the cam barrel is either driven directly by means of 
a water wheel or else by a steam engine. The speed of rotation is 
slow, usually 10 to 16 revolutions per minute, the height of lift being 
about 10 inches. It is usual to cause the corresponding stamps in 
adjoining batteries to fall in regular succession, the cams being so 
spaced on the barrel as to produce a uniform torque. Thus, if there 
are n stamps worked off one cam barrel, and if there are five cams 
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to each stamp, the angular distance between successive cams must 

. 3«<)° 

be 

f)W 

The cofer is a wooden box long enough to take the set of four stampii; 
it has a slot at the back through which the nvneral to be erushed 
is iiitrodueed, and a rcetangidar opening in front in which is fastened 
the “grate” consisting of a couple of sheets of perforated copper; 
usually there are also two similar ojjcnings, one at either end, also each 
provided with a grate. There is an inclined plane, known as the “ pass,” 
lemling from the hopiter, or “ half-iKvss,” to the slot in the back of the 
cofer, upon which the tniueral is delivered and down which it slides 
gradually into the stamiier box, aided by a gentle stream of water 
directed u|H)n it, and also by the vibration caused by the aetion of 
the stamps. 'I'he mima’al is crushed cither upon a Ixid i)late of cast 
iron some ;t or 4 inches in thickness, which completely fills the 
bottom of the cofer, or else the stamps are allowed to “Ixjat their 
own bed,” that is to say, the mineral first introduced is pounded ilown 
into the Isittom of the mortar by the aetion of the stamps until a 
perfectly solid mass of concrete-like stone results, upon which criisliihg 
then hikes place. Thi; complete weight of each stamp is usually (i to 
7 ewt, it absorlw about 1 i.H.P. and crushes about 1(1 to 1 o cwt. of hard 
stone in 124 hours. At the Ijcvaiit mine the heads are 1l2 ins. by 7 ins. 
face and 24 ins. high, weighing 4 cwt. The cam barrel makes 12 revolu¬ 
tions and the stamps (10 drops per minute. battery of hi heads 
crushes 1200 tons of hard tin capels in 4 weeks of (i days each, eiptal 
to a little more than 1 ton jicr head jier 24 houi's. (hie head crushes 
125 tons of cajtels in 5 mouths, at the end of which time it is worn out 
and returned to the foundry, the average amount of iron worn off being 
2J cwt, costing (is. jier cwt The wear |)er ton of stuH’ stamped is thus 
equal to 2’24 llis. of cast iron and the cost to r44^/. 

(loriiish stamps have a low efficiency and raiuire a good deal of 
attendance; they are, however, relatively cheap to ereet, and need 
but few repairs. 

An. iron-framed stamp mill of modem German type' at the Diepen- 
linchen mines near Stolbcrg is shewn in vertieal section and plan in 
Figs. 131 and 132. The foundation is of masonry carrying a cast iron 
plate upon which the wooden mortar-box is built up; the stamp stems 
are of wood and the shoes of hard (»ist iron, their total weight being 

’ .<4nn. del Mine), “Sur la pr4paratiaa m4canique dos minenus de ploiiib, etc.” by 
A. Henry, Series vi. Vet xix. p. 294, Paris, 1871. 
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3 cwt The tappet is a triangular casting the height of which cao 
be adjusted by sliding on a rack and upon which it can be secured at 



Kig. 132. Modern OermiLn fllikmn mill 


Pi.>» 
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any dcisired point. The stamps are lifted by four-armed cast iron cams, 
the up[>cr wearing faces of w’hich consist of renewable castings made of 
white iron. 

In (Jermany the simple slreen or grate discharge is sometimes 
replaced by certain otlier fonns. In the so-c&lled “stay-discharge,” 
there is a Im>x outside the grates or screens, from the boftom of which 
the pnlj) escapes tlirough nozzles or holes of a size that can be varied 
as desii'ed, as shewn in Fig. Kilt. This arrangeiAent has the advantage 
of delivering a thicker pulp anil thus of decreasing the consumption of 




cofor. Vortical section. 



Fig. l.t.'i. Improved 
"Flush” discharge. 
Vertical section. 


water; it is said that only half as much water is reijuired per ton of ore 
as when the simple grates are used, for the same degree of comminution. 

Another system, the “ flush-discharge,” does away w'ith screens alto¬ 
gether, the fineness of crushing being regulated by the height to which 
the pulverised mineral has to be lifted before it can escape, and the rate 
at which water is allowed to flow through the battery box. An old form 
is shewn in Fig. K14, which shews an old German battery box with open- 
topped cofer ovcf the edge of which the discharge takes place. With 
a flow of water irf between 0'4 and 0‘8 cubic foot of water ner minute. 
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a depth of discliarge of between 15 and IH inches corresjwndg to a 
diameter of about O'Ot inch in the escaping particles, whilst a depth 
of 8 inches corresixtnds to about (I'S inch diameter. An improvement 



is represented in Fig. 135, in which the discharge takes place through 
a channel about J inch to J inch wi(fe, running the full length of the 
cofer; the opening of tliis channel is about 4 inches above the bottom 

11—2 
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of the box, and itn depth varies from 9 inches to 15 incfies. The fineness 
of tlie material discharged deixjiids both on the depth of the channel 
and upon the flow of water, the latter averaging ()'25 cubic foot per 
minute in ordinary eases. * 

'fhe Oalifomian stamp differs from the Cornisi) stamp mainly in that 



Fig. 137. daliforniiui stamii mill. Perspective. 


the hcatl, stem and tappet are circular, and are lifted by cams which are 
set on one side of the axis, thus causing the entire stamp to rotate 
slowly about that axis so as to render the wear of the stanyr more 
uniform; the surfiice upon which crushing takes place no longer con¬ 
sists of one single die, but there is*a separate die under each stamp; the 
mortar box w a massive iron casting, and there are usually five stamps 
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to each mortart Californian stamp mills are chiefly used for the 
crushing—and generally the simultaneous amalgamation—of gold ores, 
and the entire operation thus becomes practically a metallurgical pro¬ 
cess, the consideration of which would be out of place here’, lliis 
stamp will be treiite<y here simply ns an appliance for fine crushing. 
A general section of siudi a mill is shewn in Kig. l;i(i, and a 



Fig. l.'tH. (;alif{>niiui] utaniji tiiill. I’urH]iot'tivo. 


pers[)ective view of the same in Fig. \'A", this l)eing one designed 
by the author for use in South Africa. A ten stamp battery, 
differing from the last only in some minor details, but shewing the ore 
hoppers behind it, built by Messrs Edward Chester and Co., Ltd., is 

shewn in Fig. 138. In this latter each head of Ft 8tami)s is driven 

• 

‘ For an oxhaiuttive doHcription of the Californian Mtainp mill, as applied to the 
treatment of gold quartz, the reader should^conault the author’s Handhvk qf Gold 
Milling (Macnvlltui k Co,). 
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independently, whilst in Fig. 137 each ten heads is 'So driven. The 
mortar is supported upon a mortar block, which is mostly formed 
of massive wooden baulks set on end and firmly bolted together; the 
more modern tyjw of block, built of good bricks laid in cement or 
moulded in concrete, with alsfut 0 inches of wood on top, or sometimes 
with only a sheet of indiarubljer on the concrete, is, however, far pre¬ 
ferable. An iron-framed mill with such concrete mortar blocks is shewn 



Fijf. I.'W. Inm-fninied Oilifoniiaii Btamii mill. I’orapectivo. 

in P'ig. 139, which represents a 40 stamp mill l)eing erected at the Pole 
Star Mine, (irass Valley, Nevada tlo., California. In any case the mortar 
block must rest upon a thoroughly sound foundation. The mortar 
consists of a single casting having an opening in front into wliich fits 
a stTeeu frame carrying the screen, which latter is mostly now-a-days 
made of woven steel wire; slotted or more rarely punched steel plates 
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are also used M the back of the mortar is a feed shoot, through whicli 
the ore to be crushed is delivered upon the dies. To the front of the 
mortar a renewable shoot or apron is bolted, which receives the pulp as 
it passes through the screens. The mdst important dimensions of tlie 
mortar box are its width 'at the level of the lower edge of the screens, 
and the deptli of the top of the dies below this same level, this depth 
being usually spoken of as the “depth of discharge.” This necessarily 
increases as the dies are worn down, atid various ^devices are used to 
keep it approximately constant: this may be done by raising the dies 



by the insertion of a false bottom. Another methwl consists in intro¬ 
ducing a so-callcd “chuck block ” lielow the screen frame, which cati be 
removed and a thinner block substituted as the dies wear down. A mortar 
with such a chuck block, that is very much used in the United States of 
America and in the IVansvaal is shewn in section in Fig. 14((, whilst Fig. 1 i 1 
represents another modcni fomi by Messrs Howes, Scott and Westeni, 
Ltd., in which the constructional details are shewn. The lower the 
depth df discharge and the narrower the mortar, the greater will be 
the crushing capacity of the stamp niUl, other things being e(]uaL When 
a stamp mill is used for amalgamating as well as for crushing, neither 
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width nor depth of discharge may be allowed to fafll below certain 
dimeiiHions, dejieiidcnt upon the eharacter of the ore treated and the 
system of amalgamation adopted. When the mill is used for crushing 
alone, Ixith of these dimension^ should be kept as low as possible, the 
chief point to l»e Ixirne in mind Ixjing that when they are too small, the 
screens are rapidly destroyed. Provision must be made /or a suitable 
watei supply to the interior of the mortar, the supply to be capable of 
very exact regulation. Itoughly speaking an drdinary stamp battery 
reijuires alx)ut 100 eubic feet of water per liour for each mortar, but 
this figure is liable to great variation according to the rate of crushing 



Fig. 141. Mortar. Vortical soetion, elevation and plan. 


and the nature of the material crushed. The mortar is generaUy 
fitted with a light cover through which the stamp stems iiass. 

The dies (Fig. 142) are generally cylindrical with a square or octagonal 
base, the cylindrical portion being etiual to the diameter of the stamp 
shoe tliat falls upon it, and d to 7 inehes iu depth. They are now mostly 
made of forged or east steel. 

The sUmp proper consists of four separate parla namely, the head 
or boss (Fig. 143), the stem (Fig. 144), the shoe (Fig. 14.d), and the tappet 
(Fig. 146), these biting put together as shewn in Fig. 136. The crushing 
power of a stamp mill is determined mainly by the weight qf the stamp, 
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hence mills areVisiially designated by this figure; the weight may range 
from 400 to 1500 lbs., but iu modern stamp mills the weight of the 
stamp is usually between 900 and 1200 lbs. The stamp stem consists 
of a bar of mild steel or best wrough# iron, cold rolled or turned and 



Fig. 142. 

Die. Plan and clevatinii. 


Fig, I4H, 

Dead or Hohh. N'erticul wetitui. 


... ... . 

Fig. 144. Stamp-stem. Kleviitimi. 

with both ends slightly tailored; its length varies from 10 to Iff feet and 
its diameter from 2^ to 4 inches; its weight is generally between 40 and 
45 ])er cent, of the total weight of the stamp. The head or lioss is a 



ll 

Fig. U-'i. 

Shoe. Plan and elevation. 



© 

Fig. 14H. 

Tai)iH5t Elevation and Hcctional plan. 


cylinder of cast iron or in the l)est modern mills of cast steel, 16 to 
20 inches high, and 8 to 10 inches in diameter, 9 inches Ixjing a usual 
figure for stamps weighing about 1000 lbs.; its weight is usually lietween 
25 and 30 per cent of the total falling weight At the upper end it is 
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bored out accurately to receive the tajKired cud of the ^tein, the lower 
end being Himilarly cored out (not bored aa a rule) to receive the conical 
Hhank of the ahoe; drift-ways are provided by means of w'hich either the 
stem or the shoe may be driven^out of the head when required. The 
shoe consists of a cylindrical butt, and of a conical shank by means of 
which it is attached to the head. Tlie butt is of the same diameter as 
the head and between 5 and 7 inches deep; thi.s the true wearing face 
of the entire stamp, and the deeper it is, the less often will the shoe have 
to be renewed, but on the other hand the greater will be the ditference 
between the weights of a new and a worn-out shoe. The shoe weighs 
t)etween Ifi and 2(» jair cent, of the total tailing weight, the butt weigh¬ 
ing ala)ut j, anil the shank ) of this amount. The shank is secured 
in the head by means of wedges made of dry, soft wood. The material 
of the shoes is now usually cast or forged steel, 8|)ecial steels like 
chrome steel or manganese steel being mueh used. H is found in 
practice that a speiual cast steel shoe working upon a forged steel 
die gives very satisfactory results. Chilled cast iron, at one time vci'y 
largely employed, is now going out of use to a great e.vtcut. The wear 
of steel shoes and dies may lie taken as about O'.'i to (>7 lb. of metal per 
ton of hard (|uavt/i crushed, whilst good chilled east iron will wear about 
twice as fast. 'I’hc wear of the shoe is to that of the die in proportions 
varying from .‘1: 2 to 2 : 1. 

The tajipet now very generally used consists, as shewn in Fig. l-i(i, 
of a eyliiider of cast iron or cast steel, bored out to fit the stem accu¬ 
rately. Within the cylinder is a recess in which is phwied a steel gib 
which can be wedged tightly against the stem by driving up two, or 
often three, tapered keys; the pressure thus produced is sutficient to 
hold the tapiict flrndy in jilace upon the stem without slijiping. Tlie 
lower face of the tappet forms a circular collar, about ;t inches broad, 
against which the csim works, thus lifting the tap])ct and with it the 
stamp. At the same time the circnlar form of the tapi)et-facc allows 
the entire stamp to revolve on its a.\is. The tapj)et usually makes up 
l>etween 12 and la jier cent of the entire falling weight of the stamp. 
In an older form a screw thread was cut on the stem and the tappet 
formed practically a large nut, held in place by a lock nut above it; 
this so-called screw tappet is still found in Australia, as in Fig. 1.50, 
but has been supei'seded by the gib tappet everywhere else. 

The lifting mechaDism consists of a cam shaft, 5 to 7 inches in 
diameter, upon which are threaded ithe requisite number of cams. The 
latter are usually two-armed, as shewn in Fig. 147, the anns,.accurately 
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shaped, springidg from a boss through which the cam shaft passes, aud 
may be either right- or left-handed, as siiewii, to suit the construction of 
the battery. The correct shape of the cam arms is a matter of con¬ 
siderable importance; as in the Contish stamps their surface should 
form the normal involute of a circle, the radius of which is eifual to the 
distance beta^een the axes of the cam shaft and the stamp stem, whilst 
its centre coincides with that of the former. So much of this involute 
is taken as will give th'e desired lift, the point of ^he cam being merely 
somewhat flattened. It is a jirojjerty of this involute that the lengths 
of the arc of the pitch circle traversed in a given time will l)e equal to 
the height of lift. Hence if the height of lift be h inches and the radius 


JiOft liaml. 


Jii^^lit hand. 


Fig. 147. CaiiiH, left- and riglit-hiiiided. Klevation. 




of the pitch circle r inches, tlic arm of the cam will niove through an 
angle o' during the time of the lift such tliat 

TTV 


whence 


h = 


iho 


and 


imi/j 

TT(l 


From these equations the involute required to lift the stamp through 
a given height for a given angular motion can be set out for any required 
stamp mill. Moreover, as already stated, it is a property of this involute 
that the portion of the surface in contact with tlic tappet will always 
be horizontal, so that the lift takes place in a truly vertical Hue'. 

Thetcam is secured to the cam shaft by means of one, or, more often. 


* For a full discussion ..f the geometrical Construction and properties cf this curve, 
see the Appendix to* the Author’s Handbook of QoUi-Milling. 
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two large keys, the keywiiys running the full length of the shaft. This 
arrangement however makes the rephieement of a broken earn a matter 
of considerable difficulty, and in most modern mills the arrangement 
known us the IJlanton earn, Figf 14(i, iTitroduced by Messrs Fraser and 
Chalmers, btd., is enijiloyed. In this a eurvetl ^vedge, A, Fig. 148, 
gripping tightly in a recess cut out of the boss of the cam if^sulwtituted 
for the keyway, a very powerful friction grij) being thus produced, the 
curved wedge being held in idaee merely by a sinlVll set-screw. 



The 01 ‘der in which the stami)s fall is not a matter of indifl'erenee; 
most makers of stain]) mills observe the rule that neighbouring stamjw 
shall never Ik- allowed to fall in suecession, whilst any order that tends 
to aecumulate the ore to be crushed at one or other end of the mortar 
is most olijectionable. In order to distribute the strain on the earn 
shaft equally it is im])ortant that the cams Iw uniformly distributed 
round the cam shaft, so that if s be the number of stamps lifted 
by one shaft, the angle between the earns lifting suecessive stamjis 

, , 18(1 
must lie . 

As the cam is tw'o-armed, it is evident that each stamp makes two 
drojis for each complete revolution of the earn shaft; the usual speed of ' 
modem stam]) mills is between 8.') and 110 (imps pm- minute, the speed 
being within certain limits dependent on the length of drop, so that the 
fonner can only lie increased by diminishing the latter. The length of 
drop ranges from 4 to 10 inches, but is usually' under 8 inches. 'A very 
usual rate of working in mcKlcrn snills is to run at 90 to O.'i six-inch 
drops per minute. If the mineral be broken, as it sliould be, jbo less than 
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2 inch cubes before it is fed into the stamp mill, a 6 inch blow is ample 
to crush the hardest ore with stamps of 900 lbs. or more in weight. 

. The power fequired to drive a stamp mill is consumed wholly in 
lifting the stamp and is therefore the same whatever the crushing 
capacity of the mill may be, or whether the mill Ik) crushing ore or not, 
as long as the conditions of driving remain unaltered If w laj the 
number of drops per^ minute, h the length of drop in inches, s the 
number of stamps, and w the weight of a stamp, the theoretical jwwer 
required to drive the mill would be 

uhmn 

90000 X 12 

If 25 to 30 per cent, be added to the figure so obtained, the result 



t’ig:. 149. Mtaiiip guides. 


will be approximately correct; an exact formula will be found in the 
writer’s Handbook of Gold-millhu), already referred to. 

The cam shaft is supported in bearings carried by the battery 
frame ; this frame also carries the upjier and lower sets of guides which 
keep the stamp stems truly vertical when working. Guides of many 
different forms are used; a good useful type, generally used in 
California, is shewn in Fig. 1-19; in this the guides proper are of 
wood, held in a east-iron frame by means of wedges. The frames are 
of different designs according to circumstances ; they must however 
always be very massive and substantially constructed as they are 
exposed to very heavy strains; they are generally made of wood, as 
shewn in Figs. 136—138, especially in America and also in South 
, Africa, but steel, as in Fig. 139, wrought iron, and cast iron are also used. 
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The latter is a very satisfactory niaterial, and is much used in Australia. 
The Australian design differs in many rcs[}ects from the regular Cali¬ 
fornian type, and the details of a stamp lottery, built by Messrs Thompson 
and Company, of Castlomaine, Victoria, are shewn in Fig. 150. It will be 
seen that the battery box is kept narrower, and tfiat the screen in the 
front is vertical instcail of inclining outwards at about 16°, as in the 
American pattern. The cam shaft in the Aust^'alian mills is usually 



Homh cliiillengc feeder. Persjioctive. 


driven by gearing off a main lay shaft, a clutch lieing used to throw 
out of or into action any battery as may be reipiired, whilst in America 
belting is usually employed, heavy pulleys being keyed on to the cam 
shafts. A belt-tightener is often used, as in Fig. biff, for stopping or 
running any desired liattery. In America the gib tappet, ^already 
described, is universal ; in Australia, the screw tappet, shewn in Fig. 150. 
though inferior to the fonner in'several respects, is, as before stated, 
still largely used. 
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As it is a matter of great importance that the stamp mill should lie 
regularly and uniformly supplied with the mineral to Ixj crushed, because 
the consumption of power is the same whether it is crushing mineral or 
not, automatic ore-feeders of various kiads are very generally employed. 
These are usually wofked by a tappet attached to the middle stamp, so 



Pig. 152. Siisi>emle(l Heady elmlleage feeiler. I'erspeetive. 


that whenever the latter is on the point of touching the liare die, a 
fresh supply of ore is caused to drop into the mortar. 'File most successiiil 
is Hendy’s Challenge feeder, shewn in Fig. 151, in which the blow of 
the tappet is communicated to the bar projecting in front, which carries 
a friction ratchet, which tatter in turn causes an obliquely sot plate, 
upon which ^he ore rests, to revolve through a small arc in such a 
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way as to sweep a certain amount of the ore it silpports into the 
mortar, the amount so dropped in being proportional to the angular 
motion of the plate. Many other devices, more or less similar in design, 
are also employed, gome of which are described in Chapter xi. 

Fig. 152 shews a more convenient arrangement of the Challenge ore- 
feeder, known as the suspended Challenge ore-feeder, ip which the 
appliance is suspended to a couple of light beams or girders beneath 
the shoot leading from the ore-bin. * 

The crushing cajMicity of a Californian stamp mill varies from 2 to 
6 tons per head per 24 hours, 5 tons being a usual amount for a 1000 lb. 

stamp working on fairly hard rock. 
The cost of a Californian stamp mill 
varies betw'ccn £50 and £100 per 
head according to its size and to 
what may Ik; included in the siwcifi- 
cation. 

The Californian stamp mill is 
occasionally used for dry crushing, 
for which it is Injwcver very poorly 
adajrted. Much difficulty is cx- 
])erienced in getting the crushed 
maturiiil out of the mortar, whilst 
the shoes are apt to give trouble by 
working loose in the heads. When 
used for dry crushing, the cover of 
the mortar is made to fit as tight 
as iiossiblc, the mortar is generally 
supplie<l with a screen at the l)ack as 
well as one along the front, as shewn 
in Fig. 153, and these screens are usually enclosed in a sheet iron 
casing in which runs a screw conveyor, or else which communicates 
with an exhaust fan by means of which the crushed ore is drawn 
out of the mortar box; the air current is made to traverse a series 
of settling chambers in which the crushed ore is deposited and finally 
passes through a filter consisting of bags made of sackcloth or some 
similar material, in which the fine dust is caught Even with all these 
precautions much dust escapes into the mill building, where it not 
only causes loss, but rapidly destroys the bearings etc. of the machinery. 
The capacity of a dry crushing mijl is moreover small, being usually only 
one-third of that of the same mill working wet. 



Fig. 153. Double discharge niortiu*. 
Vortical section. 



Hmbai)drtiB«^etic»tainn l^ront eleration. 
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^ese are of two kinds, namely, such as act partially 
rln , gnivitation stamp, the downward motiorof the 

temp teing merely accelerated by mechanical means, and those in 

i kt expansive foree of steam ; 

the latter may be conveniently described as steam stam})s. 



—-■ ' • " ■ , ,' i 

Fig. IM. Hiuband atmospheric stamp. Plan. 

Numerous attempts have been made to accelerate the descent of the 
o^i«U 7 stamp by means of spiral springs placed above the tappets 

m^h «tamp is being lifted by the cam; this 

method has proved .neffective maiflly because the compressed spring 
exerts its greatest power at the time when this is least needed, namely 

' 12—2 
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the commencement of the fall of the stamp. Another method, namely 
that of forcing the stamps downwards by means of a second cam shaft 
placed above the tappets, has been equally unsucccssfuL 

An obvious method consists ih actuating the stamp by means of a 
crank or its efiuivalcnt, so as to communicate power to it in its descent; 
this cannot be done by attaching the stamp directly to the crank or to a 
connecting nsl actuated by it, because the shock of the falling stamp 

would destroy any ordinary machinery 
if communicated to it througli rigid 
pai-ts, wlulst the varying dcjitli of 
the layer of ore upon the die must 
also l)e taken into account. A spring 
of some kind must accordingly Iw 
interposed l)et\veen the stamp head 
and the crank. Strong steel springs 
like railway waggon springs were used 
in a machine known as Patterson’s 
Klephant stamp, which consisted of a 
l)air of small sejuare stamp heads 
working at a high speed in a small 
mortar box. The wear and tear was 
however found to be exces-sivc and 
the nmchiiie was not a success. Tlie 
Dunham stamp worked on somewhat 
the same principle, but has been 
eipially unsuccessful. 

In the Husband atmospheric 
■tamp, the place of the spring is prac¬ 
tically taken by air under pressure. 
ITie rroustruction of this machine is 
shewn in Figs. 134,135, 156. It consists of an iron framework supporting 
a crank shaft, there being two cranks upon it at an angle of Ifto 
to each other. Each crank works a vertical cylinder by means of 
a forked connecting rod, attached to trunnions on the cylinders. 
As shewn in the section in Fig. 157, inside each cylinder K, there is 
a piston H to the lower end of which a stamp head is attached, and 
there are holes in the cylinder for the admission of air above and 
below the piston, when the latter is in the middle of the cylinder. 
As tlie cylinder moves upwards ‘the piston immediately closes the 
lower apertures, and the air below it is compressed until at is under 
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Kig. ittl. (Cylinder of llusbiuid 
aUuiip. Vertical section. 
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a total pressure greater than the weight of the piston and stamp head, 
when the latter is lifted and continues to ascend at the same rate as the 
cylinder until the latter is in its highest position. The cylinder then 
commences to descend and the rtainp to fall, but the former, moving 
more rapidly than the latter, soon overtakes it, and the air, now com¬ 
pressed above the piston, forces the latter down with a velocity ecpial 
to that of the cylinder itself. The air thus forms an elastic cushion at 
either end of the stroke that prevents any injurimis shocks from being 
transmitted to the ftume-work. As shewn, the two stamps work aide by 
side, each in a cast iron mortar, which is supplied with screens on three 
sides, the fourth being occupied by the feed-shoot. The machine is strong, 
compact and does good work. One of these inaehines (with two stamp 
heads) is said to refpiire i.h.p. to drive it, and to be capable of 
crushing to tons of hard tinstone in 24 hours from 4 inch cubes to a 
mesh of 0’04ti inch. A pair of these stamps stamped 10,760 tons of hard 
tinstuff in a year at Dolcoath, ecpial to 16J tons per head per day. The 
water supply in this machine is through the hollow stamp stem, which 
is thus water-cooled. The Slioll pneumatic stamp is somewhat similar 
in principle, but the stamp stem is attached to the bottom of the cylinder 
whilst the piston rod which i)asseH out through the top of the cylinder is 
worked by the crank. A Shell mill running at 125 drops per minute 
and absorbing alx)ut 20 h.p. is said to be capable of crushing 24 tons to 
14 mesh in 24 hours. 

The most modern machine of this type is the Morlson High-speed 
■tamp', which has a hydro-pneumatic lifting cylinder. The stamp is 
shewn in elevation in Fig. 158 and the cylinder in section on a larger 
scale in Fig. 159. Tlie mortar box J, stomp heads, etc., as also the 
frame and the lower guide are identical with those of an ordinary 
Californian stoni]) mill, the lifting meehanism alone being different, 
whilst the upper part of the frames is modified at B, so as to support 
this mechanism. The short stomp stem K (Fig. 158) fits into a sleeve 
S by which it is coupled to a piston rod It ; the latter terminates in 
a piston which works inside a cylinder C; the latter is caused to move up 
and down within guides by means of a connecting rod coupled to a crank 
shaft B. Such a shaft is placed over the top of each five stamp battei-j', 
and has five cranks spaced at "2° apart By this means the cylinder 
above each stomp is caused to rise and fall vertically at the desired speed. 
Ibe upper part of this cylinder is surrounded by an annular chamber W, 

> Intt. Min. Met., “ A Dovelopnient iif Graritation Stamp Mills,” by Morisoii and 
^remner, Vol. viu. (January, 1900), p. 156. 
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Fig. 159, which acts as a water reservoir, communicating with the lower 
part of the cylinder by means of a port P and also with an air vessel at 

A ; there is also free communication 
between the upper part of the cylinder 
£ and the water reservoir. Telescopic 
pipes allow the water supply in the 
reservoir to be renewed, increased or 
decreased as may b| required by means 
of a small circulating pump. Tlic action 
is as follows: when the stamp is resting 
uiK)n the die, and the cylinder in its 
lowest position, the port P is oi)eii and 
communieates with the lower part of 
the cylinder V which is full of water. 
.Vs the cylinder rises it forces this water 
into the reservoir IT, until the area of 
the i)ort gradually diminishing, the 
|)ressure heeoines sufficient to lift the 
piston E and with it the stump. When 
the cylinder has reached the top of its 
stroke and is descending the piston is 
able to fall ti^'ely, its motion being 
accelerated partly by the friction of the 
rapidly descending cylinder and partly 
by the pressure of the air above the 
j)iston, Ify this means a much higher 
H|x!ed of driving can be obtained than 
with the ordinary Californian stamp. 
Suitable mechanism for turning the 
stamp slightly after each blow is pro¬ 
vided. The inventor considers i;t2 blows 
})er minute to be the best rate of 
working; and that his I4UU lb. stamp 
working at this rate has a crushing 
Kg. 169. Cylinder of Morison high- capacity 70 per cent greater than that 
speed stamp. Vertical section. ,)f Californian Stamp, or in 

other words that .30 heads of such high 
speed stamps are equivalent to 50 heads of Californian stamps. He does 
not however claim any marked power jeconomy for his stamp; it must be 
added that the machine is new and has not come into use to any extent, 

• .Vt 
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8t«ain itampi haye been deyiaed of many different forms, the 
application of the principle of the steam hammer to crushing purposes 
being a foirly obyious one. 3y fer the most important development 



Fig. 1 Cl. Cylinder of Balt steam stamp. Vertical section. 


of the steam stamp has been for the purpose of crushing the copper 
bearing rock of the famous Lake Superior copper mines; this material 
does not need very fine crushing, the.screens employed being punched 
with holes jbout inch or J inch in diameter. The first of these 
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Hteam stamps is said to have been designed by Mr W. Ball in 1856'; 
and the original design with but slight modifications is still in use 
ill iiiaiiy places. A modem type of Ball steam stamp is sheflii in 
Fig. llie mortar rests upon a massive iron bedplate, which is in 
its turn supported upon sills of wooden and iron Beams arranged cross¬ 
wise so as to give a certain ainouiit of clastieity; the ^total w'cight 
of this anvil is about 11 tons. Strong wooden uprights carry the steam 
cylinder, which has a diameter of about lii inches and a stroke of 
24 inches. The valve gear consists of a plain l)-slide valve, driven by 
a small eccentric keyed to a shaft carried on top of the uprights and 
independently driven. The steam cylinder and valve gear are shewn 
ill Fig. IGl. Tlie eccentric G, which is connected direct to the stem of 
the D-slidc valve, is itself worked by an eccentric gear, consisting of 
a pair of cllijitical spur wheels B, B', driven by the pulley A, the 
throw of the eccentric being at right angles to the line D, !>, in 
which the iiiiyor axes of the ellipses lie. This arraiigenieiit opens the 
fiort fully for the down.strokc, but only very little—about inch— 
for the upstroke. The stami) stem is 8 inches in diameter, to which 
the shoe, rectangular in plan, is attached by means of a dovctivil and 
key. The weight of the falling parts is alxiiit 4,.')00 lbs. and it works 
at 0(1 drops jicr niiiiiite. The eriisliing capacity of this stamp is about 
bio tons in 24 lioiiiu Lirge eleanince spaces must be left, both at 
the top and Ixittom of the cylinder, so that iinicli steam is wasted and 
the machine is by no means an economical one. The Leavitt steam 
stamp shewn in Fig. I(i2 was a considci'able improvement in this respect. 
It will be seen that the sbajie of the mortar is practically unchanged; 
the frame now consists of four cast iron columns, but the chief modifi¬ 
cations are in the cylinder. This, shewn on a larger scale in Fig. 168, 
is steam-jacketed throughout, and is difterential, the lower portion 
having the smaller diameter. Tlie upi)er cylinder is 21^ inches in 
diameter and the lower 14 inches. A steam dashpot is formed by 
the lower end of the lower cylinder, an air dashpot being used to 
cushion the stamp and prevent its rising too high. The valve gear 
(not . shewn in the figure) consists of four cams, each working against 
a lever furnished wdth a roller so as to diminish friction. The object 
of the diflfereutial cylinder is to economise steam, only enough being 
used in the lower cylinder to just lift the weight of the piston and 
the attached stamp head. The mortar was made heavier in the most 

> Anur, /»»(. Meeji. Evg., “Nutee on the Hteiim Stamp,” by F. 0. Coggin, Vol. vl 
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recent Leavitt stamps, and the weight of the anvil was increased to 
12 tona It is stated that the Leavitt stamp saved 36 to 40 per cents 
of fuel as compared with the Ball stamp, whilst its crushing capacity 
was increased to 240 tons in 24 hours. The chilled cast iron shoe weans 
for about 6 days. A set of steel screens inch thick, punched with 



Fig. 103. Cylindtir of Loavitt steam stamp. Veilical section. 


inch holes, wiU screen about 10,000 tons of crushed rock. The 
water consumption in the mortar is about 800 cubic feet to the ton 
of rock • 

The Allis steam stamp is a development of the last-named, ita 





aTishing capacity being considerably increased. All these steam atamp a 
ire stated however to give about the same efficiency, namely from 
1746^ to rSSStons per H.P. in 24 hours. 



Fig. 164. Allis steam stamp. Perspective. 

The Allis stamp is shewn in Fig. 16# as built by M^rs Fraser and 
Dhalmers, Ltds The valve gear has a qiecial quick return modon, 
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giving very little steam on the upstroke, and a full head of steam 
with an early cut-off on the down-stroke. The stamp shoe is of 
chilled iron, and the mortar is lined with chilled iron plates and 
rests on a cast iron base ‘plate weighing 12 tons underneath each 
mortar. One of these stami)8, running under a steam pressure 

of 90 lbs. ])er sq. ineh at 100 drops 
per minute, crushes on an average 
.'too toiiif per day of amygdaloid 
through a inch screen, and uses 
.100,000 gallons of water per day; 
about 11 hours out of every 24 
arc taken up with removing thq 
lump copitcr from the mortar. 
AVith a steam pressure of 11.1 lbs. 
per sq. inch, the same 8])eed of 
stanq), and the same siiie of screen 
IHjrforations, 410 tons have been 
cTushcd in 23 hours. In this mill 
20 tons of rock arc crushed per 
ton of coal consumed, this sorviilg 
also fur heating, lighting and 
pumi)ing. Such a steam stamp 
weighs (without the cast iron base 
block) about 130 tons and costs 
about £2,300. 

Numerous forms of steam 
sdiinps have been devised for fine 
crushing; jHirhaps the best known 
and the only one that need be 
described is the Tremoln steam 
stamps shewn in perspective in 
Fig. 161 and in sectional elevation 
in Fig. 1(56. This machuie consists 
of a pair of stamps working in a 
mortar furnished with screens on ' 
three sides. The stamp consists of a stem with a piston at the upper 
and a shoe at the lower end; there is no head strictly speaking, 
the shoe fitting on to the stem as shewn. The stem is 4 inches' 

' Tran$. Amer. Intt. Min. Entj., “The Use of the Tremsin Steaiu Stamp,’ by 
E. A. SnoiTV. VnL zxvi. 1S96.». 645. 



Fig. Hi."). 

Treroain steam stamp. I’orsiicctive. 
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Fig. 166. Tremain steam stamp. Sectional front and side elevationa 















198 The Dremng of Minerals 

in diameter and the piston 6 inches; there is therefore only an 
annular piston, 1 inch wide, exposed to the action of the steam in 
order to lift the stamp. The falling weight is about 300 lbs., the 
length of drop is from 5 to >8 inches, and the stamp is capable of 
working up to 200 drops per minute. The average capacity of the 
machine was found to be about 12 tons in 24 hours, ^rushed from 
.3 inch cute down to 20 mesh. The fuel used amounted to about 0'2 
cord of wood per ton of ore, equivalent to about O’l ton of ordinary 
coal. The makers have devised a s])ecial form of ore-feeder to be 



167. Huntingdon mill. Secti{(nid inii'spectivc. 


used with this mill. The stamp mill alone weighs about tons 
and costs about £170; the mill, with a nominal 12 h.p. boiler and all 
fittings coiujilete, weighs about 34 tons, and costs about £2,50. 

Rotating fine oruihera. A number of fine crushing machines act 
chiefly by the percussive effect of weights against a revolving track, 
the force impelling the weights being either centrifugal force or gravity; 
in aU these machines abrasion, and to a smaller extent direct prepare, 
may also take some part The weights take the shape either of balls or 
of rollers, and they work against^n anvil or track which revolves about 
a vertical axis when it is mainly centrifugal force tha^ comes into 


play, and about a horizontal axlg when gravity ia taken advantage of 
These machines play a comparatively subordinate part in general crushing 
operations; the Huntingdon mlU may be taken as a good typical 
example. It la shewn in -lectional perspective in Fig. 167 and in vertical 

s^tion in Fig. 16)!. ^ consists essentially of an iron drum, the lower part 

of which caijies a steel ring which forms the track against which tile 



IBS. Huntingdon mill Vertical section. 


crushing IS performed. Immediately above this ring ani placed three 
‘"‘^‘‘^deep, which occupy tile front half of the circum- 
^ce of the dm^ Below the^ screens is a semicircular launder which 
j^jves the pulp dj^harged through the screens. In the centre of the 
^ rises a tapered^n sleeve, through which passes a vertical shaft 
earned unon « «tep beanng and rote&d by means of suitable gearing. 
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To the top of the Hhaft i« keyed a croB8-Bhaped easting, from which four 
spindles are MnH[)ended by means of yokes; the lower end of each of 
these spindles is provided with a steel roller which works against the 
ais)ve-mentioned annular track. These rollers are capable of revolving 
on the spindles, and the latter are overhung as shdw'ii, so as to be pressed 
outwards Iwth by gravity and by centrifugal force against Jhe steel ring. 
The material to l)e erushed is introduced tlirougJi the feed slioot at the 
Ijack of the machine. • 

The linntingdon mill is made in three sizes, namely: 



Ditiintti' r 


Wi’i}/lil 


lievdhvtitjiis 
oT Hpiiidlt' 
1>CM imiuitf 


AppKtxinmtf 
J)1 1C(‘ 


!. IV fi" ’JtoiilH 

11. rV 4 ton IK 

IH. () . 8 L,HI 18 


t. 

90 

1:17r» 


70 

ilUX) 

(IWt. 

Tif) 



The most usual size is the Xo. 11, which seems to re(|uire from 10 to 
12 H.l‘. to run it, the usual speed being oidy about 00 revolutions per 
minute, instcsul of the higher figun: recommended by the makers. Its 
efliciency on hard material is small, Indiig only about 10 tons per 21 hours 
crushed to about blniesh; on softer material it has Iwen known to 
crush over 20 tons |K;r 2J hours to 00 mesh ((r024 inch). The wear 
of the ring die and crushing ridlers is considei'able, amounting to about 
lOf?. jrer ton <if hai-d ore crushed. This mill is l)est suited for crush¬ 
ing moderately soft material, which should be broken to at the most 
1 inch cube before Ixdng charged. It is also well adajtted to tlio 
ftirther crushing of once-crushed ore (as in the treatment of so-called 
“middlings" from jigs [see p. 22H]). It has been used a good deal for 
the crashing and amalgamation of gold (jnartz, but is not so well adapted 
to this pui'iswe, es|s3cially if the ore is dense and hard. This mill is only 
suitable for wet crushing. 

This machine is a modification of the Dingey pulveriser, which was 
in use- about the year IH/O, and consisted also of a horizontal drum, 
6 ft. in iiitcmal diameter, fitted with screens, and containing 4 rollers, 
which were rotated by gearing from a central spur-wheel; these rollers 
were 2 ft 0 ins. in diameter and made 2(M) revolutions per minute 
rouiHl fixed axes, whilst the drum itself made 4 or 5 revolutions per 
minute. It is said to have be^n ca|>able of crushing 15 to 2U tone per 
day of 24 hours. 
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The Howland'pulveriser was also an earlier machine of somewhat 
similar type to the Huntingdon mill, the crushing rollers being however 
smaller, more numerous, and nut attached to spindles. 



The Griffin mill is like the Huntingdon mill with a single large roller, 
which is caused to revive on its spindle by means of gearing. 
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Several machines, such as the “Cyclops” mill and the “Niagara 
pulveriser, consist of a drum revolving about a horizontal axis, in which 
crushing is performed by balls or rollers working against an ainudar 
steel track. These machines have not been very successful in practice. 

A very cfticient machine, and one that is coming into general use, 
is the Ball mill, originally introduced by the Fried. Krupp'A. C. Gvuson- 
wcrk of Magdeburg, shewn in F’ig. Hi!,'. It consists of a drum revolv¬ 
ing almut a horizontal axis, the circumference of which consists of 
screens of any desired mesh ; within this is a coarser screen made 
of [xjrforated lient steel plates, so arranged as to protect the outer fine 
screen, whilst at the same time allowing all the material that is not fine 
enough to get back into the interior of the machine. Inside the pro¬ 
tecting screens are six strong chilled iron “hunch plates,” helical in form, 
and arranged as shewn, so ns to form steps. Fpon these jdates lie a 
numl)er of steel balls. The material to be crushed is introduced through 
the feed shoot, shewn in the section, into the central isirtiou of the 
drum ; as the latter revolves the steel balls fall over each other at each 
stej) of the chilled hunch ))lates, and by their impacd crush the mineral, 
jMirtly Ixjtween the balls themselves, partly lx)tween the balls and the 
hunch ]>lntcs. The mill is com])letcly enclosed, as shewn, in a sheet iron 
casing. It is designed for working dry, and is one of the most efficient 
of ilry fine eriisliei's, but can also be modified so as to work wet. The 
following table shews the ])rineipal sizes; 


Xim. 01 


HnmoU'r of mill (inohoH) . 5)5 

Viiltli of mill (iuchcH) . 20 

UivolutiouH por miiiut*' . 38 

lorHo-iKtwor reijuiroil . 0’5 

V'oijflit of machino aloiio (cwt.) 21 
of a Hot of balls (cwt.)... 2 

liaraotftr of bnlU (inchoHi . 2-4&.')'2 

*ru!C. about, il . 70 


1 

2 

5) 

4 

5 

42 

52 

59 

72 

86 

28 

39 

5)9 

519 

46 

35 

5)0 

27 

25 

21 

lo 

5) 

6 

11 

15 

40 

60 

87 

129 

182 

8 

6 

9 

15) 

18 

•2 k 4*0 

4,4-5 45 

4,4-5 4 5 

4,4-5 4 5 

4,4-5 45 

100 

170 

225 

275 

360 


The capacity naturally varies very widely with the material to be 
crushed and the desired degree of fineness; moist mineral takes far 
longer to crush than dry, owing to the difficulty of passing moist crushed 
material through the screens. 

Exhaustive records have been published by Mr White, based on the 
running of a sot of sixteen No. £ Ball mills at Mount Morgan on moder¬ 
ately hard quartzose ore. These shew that the Ball mills alone re()uire 
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IS H.P. each and crush at the rate of 227 tons of ore in 24 hours to 
20 mesh (()'025 inch), being at the rate of 175 tons per H.P. for 24 hours. 
The wear of steel is at the rate of 1'644 lbs. per ton of ore crushed, out 
of which the wear of <^he balls is 0725 lb. and of hunch plates 0'681 lb.; 
the total cost of materials for renewals is given as lO’orf, per ton of ore 
crushed. * 

Similar machines arc made by many other makcre; Messrs Bowes, 
Scott and Western, Ltd. make a ball mill somewliat like the one descriliod 
alsivc, e.\cept that the material to be reduced is fed in through a hollow- 
axis; the screens are attached in convenient segments so as to lie 
eiisily lemovcd and replaced. This mill is shewn in Fig. 1/0. 



Several ball mills have also been designed for wet crushing; one 
of the most efficient is the OrSndal ball mill, shewn in perspective in 
Fig. 1/1 and in section in Fig. 172. This miU is usually made 70 inches to 
!!0 inches in inside diameter by 40 inches internal length; the cylindrical 
lK)rtion is built up of longitudinal steel bars, which can be worn down 
to less than half their thickness before they need to be discarded. These 
are fastened into massive cast iron end plates with renewable liners, and 
provided with central necks which form bearings, on which the whole 
drum revolves, although in some forms a ceutral shaft has also been em¬ 
ployed, and in others friction rollers hate been used The material to be 
crushed is fed- in through one of the necks and escapes through the other, 
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the degree of fineneHs to whicli material is eruslied depending primarily 
niH)n the rate of flow of the water. In other fonns a short conical screen 



Fig. Wet cn«lu,« Grflndal BaU mill. Verticd section and end clevaUo,.. 

end.' The mill is charged with about 2 tons 
of balls of chiUed cast iron, 3 to 6 inches in diameter; as tiiese wear 
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down others are regularly put in, so that in work the mill contains balls 
of all sizes from 6 inch downwards. The average wear of the balls 
amounts to about 2 lbs. of metal per ton of hard ore crushed, and alx)ut 
3 Ihs. of metal off the lining of the mill. These ball mills are run at 
about 25 to 28 revolutions per minute, require 25 to 35 H.P., and will 
crush 25 to’KX) tons of hard ore down to ()‘02 mesh in 2f h(turs; at 



Fij,’. 17.1. KomiriB Bull mill. IVrsiiective. 


this rate of working the water consumption is about 10 cubic feet per 
minute. These mills are used very extensively in Scandinavia for the 
wet fine crushing of hard iron orea The price is about £350. 

The Perrarhi wet crushing ball mill is shewn in Fig. 173, which clearly 
indicates the mode of supporting and driving it It is about 61^ inches 
in diameter and 40 inches long, divided longitudinally into two compart¬ 
ments ; the longer, about 30 inches id length, is lined with manganese 
steel plates, and contains about ^ ton of forged steel balls, 4 im^es and 
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6 inches in diameter. The shorter compartment is separated from the 
other by a transverse perforated partition; it carries a central cone 
placed axially with divisions extending radially from it, whilst the outer 
surface consists of a screen enclosed in a housing. ,The material is fed in 
through the axis into the longer compartment, and when crushed passes 
through the hole's in the partition into the screening compSrtinent; the 
undersize eseajies through the screen, whilst the oversize, elevated in the 
radial divisions (which act like a raff wheel|, is returned over the 
outside of the cone into the crushing compartment. This mill runs 
at an revolutions jHir minute and rccjuircs about 6 H.r. to drive it. 
It is said to Ite caiKible of crushing an to liotons per at hours, according 



Fiy. IT4. Tiilfo mil]. iVi-spcTtivo. 


as the screen varies from an to 12 mesh. This mill, which is made by 
Messi-s Edgar, Allen and Co., is said to do very good work ; its weight 
complete is 7^ tons and its price iiltjO. 

For very fine crushing, wet or dry, such as is required in special 
cases, the Tube mill is employed, which appears to have been designed 
originally by Mr Uavidsen. This is simply a very long ball mill; the 
balls may l>e either iron balls or else rounded natural flints may be 
used ; in the same way tlie lining is either of metal (chilled cast iron, 
manganese steel, etc.) or else of pieces of hard flint or chert The 
general appearance of such a mill as made by the Humboldt Engineer¬ 
ing Co. is shewn in Fig. 174, and the construction of a similar one made 
l>y .Fried. Krupp A. (}. Grusonweric in Fig 175. The latter mill is about 
4 feet diameter and 16 feet 6 inches long, and makes 20 revolutions 





Fig. 175. Tube mill Seeti„.«U elevation, „la,, and end elevation. 
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pjr minute. The material to Ihj crushed is fed in tlirough the hoppei «, 
wlioiice it jKisscs into a feeding appliance h, and thence into the tube 
mill proiMjr; at the opposite end it is discharged through a screen c 
and droiw into the discharge Hojjper d. At e thfre is an exhaust pipe 
for carrying off fine dust. Tube mills vary in diameter from 3 feet 
to feet, and in length from 13 to l(i feet. In other ^)atterns the 
diseharge, instead of lx;ing axial, is through screens round the periphery 
at the diseharge end of the tnlx^; Isith arT’angements have their 
advocates. The Tula; mill was originally intended for dry crushing, but 
is also used for crushing wet. 

A mill of the size shewn above was found in West Australia' to be 
eai)able of erushing wet 311 tons of sands from a ball mill in 24 hours, 
Do imr cent of the jjrodtiet being finer than lOP mesh. The power 
required wiw 30 H.P., and the costs per ton of sands are given as 
follows: 


Power 

IP,73 pence 

nints and liners 

PIP) 

Labour 

3'.'j0 

Repairs 

O-il!) 

Total per ton 

17’(17 ])enee 


In another mine in the same district a tiilM) mill ground 07 tons of pulp 
from a stamp mill with 2.'j mesh screen down to 220 mesh in 24 hours, 
with a iK)wcr consumption of 30 H.P. A set of hard iron liner plates 
wore out in 14') days, corres])onding to 10,o30 tons of ore, whilst the 
wear of the flint l)all8 was 11411 lbs. jxr 100 tons of ore. The preference 
here seemed to be for hard iron liners and flint lialls. 

Mr Davidsen states® that the best speed of revolution of the tube 

milt is where I) is the interior diameter in inches; the best charge 

of flint is given by the formula IF = ttW, where IF is the w'eight of 
flints put into the mill, and N the internal capacity of the tube mill in 
cubic feet In West Australia the actual practice corresponds more nearly 
to IF = aOiV. Tlie flints used should be natural pebbles, from J inch 
to 4 inches in diameter, and are found on the shores of Denmark and 
the north coast of Franco, the latter being the better. The horse-power 

‘ TrtitH. /int Min. htt. Vol. xiv, 1904-6, p. 87. 

« I hid. p, 164. 
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absorb^ by a tute mill in nonnal work may be calc.lated as wjual 
""" ““ 

Tl.e theory of baU mills and tube mills (which are in effect merely 
proOnged Wl nulls, unless when the former are fitted, like the (Jnj. 
s 11 mdl, with curved Imffle plates) has bc-en carefully workci out bv 

u "r" 

u siK^ually made nulls, and deduces that the acVion is as shewn in 
I/O, wincli represents the interior of a ball mill, 1 n.etre (4(. inches) 



Fig. 170. Diagram of action of tulw mill. 

ii. internal diameter, making 34 revolutions per minute. A ball lying 
^mst the wall of the drum will be lifted with it until it reacliL a 
position A, where ite angular distance above the hori/.ontal is such 

that the centrifugal force ^ is less than the component of gravitation, 

J sin which passes from the centni of the drum through the centre 
of the ball, where m is the mass of the ball, e the linear velocity of 
rotation in feet per second, r the radius of the drum in feet, and g 
the acceleration of gravity. At this point the ball will leave the wall 

‘ ZetUch. d. Ver. Deutteh. Ingen. March 26 , 1904 , p, 437. 
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of the drum and fall in the jMrabolic curve A‘A^, thus striking against 
the other Inills, as at A, and crushing the mineral by impact. The same 
action causes the crushed material to be lifted and gradually pushed 
forward to the discharge end of the mill. . 

I’rof. Fischer apjxjars to attribute the crushing action wholly to 
percussion, but it seems more i)rol)able that crushing is'largely per¬ 
formed also by attrition between the balls a.s well as by impact. 

From the als)ve theory of the ball mill the maximum limiting velocity 
of rotation can l)e calculated: 

Ijct J) Ihj the diameter of the mill in feet, w the number of rovt)lutions 
IKjr minute, g the acceleration of gravity ft. per second per second). 
Assuming that the inside of the mill is rough, and that the friction 

due to the centrifugal force of the rotating ball, , pressing against 

the inside is siiflieient to keep the ball from slipping, .so that it moves 
round with the s>imc sjKjed as the mill, the maximum possible value for 
i\ at which the Ixill will not lie carried round continuously is given by 
tlu! expression v = v'rp. When the ball reaches the highest point of its 
course, -ifr = pp" and sin -f-}, or /opsin -ifr = mg. Fipiating the vertical 
action of gravity against centrifugal force, 


Hut 

Whence 


or 


inr I 

mg = or r - vrg. 

It '•2’irr 

(iO ‘ 

_(>0 v'/’p _ iU'lH 


2vr 


J... ■ 


‘ v 7>’ 


or if the diameter d be expressed in inches u = . Thus it appears 

that the rule above (piotc/l from Mr Davidsen allows an ample margin 
for safe working as deduced from theoretical considerations. 

Mr Hardinge' has designed a tube mill which instead of being 
cylindrical consists of a double hollow cone, i.e. of two conical shells 
placed base to base, the one having a much steeper generatrix than the 
other; the common axis of the cones is horizontal. He claims to get a 
far greater efficiency with this form of mill than with the cylindrical 
mill, but the device i^ only now in the experimental stage. 

Bull Jvttr. Tmt Min. Eng. 1908, p. SSI. 



Comminution 

Dl«lntegrratoni. A considerable number of inachineg depend for 
their crushing action jiartly upon the impact of particles of the mineral 
against each other and partly upon the impact of portions of the 
machine against parties of the mineiTiJ, the latter being in suspension 
111 the air and not resting upon any solid support; Such an action is 
only possible when very considerable velocities are attained. The 
crushing takes place mainly by iierciission, jiartly also by attrition It 
would be as well to apply the term ‘'Disintegrator,” by which some of 
these macliines are generally known, to all machines of this tyiie. 



Fig. 177. Disiiitognitdr, I’ersiwttive. 


The best known of all of them is Carr’s Dtiintegrator, known in 
. menca as the Stedraan and on the Continent also as the Hubner 
It consiste of two iron discs, each supported by a short length of 
honzontal shafting carried in suitable bearings and ftimishod with a 
dnvmg pulley. Sometimes the two driving pulleys are at opposite ends 
of the machine, as in Fig. 177, sometimes they are both brought to 
e same end by making one shaft hollow, as in Fig. 178; the former 
system IS generally preferable. Tfie puUeys are Lven one by an 
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open, the other by a crossed l)elt, so that the tten shafts revolve 
in opptwite directions. The two discs are a few inches apart, and 
on the sides taciiijf cacli other arc provided witli coneeiitric riiiffs^ of 
. iron i)ins or teeth that reaeli yearly to the opiiosite disc, the annular 
rows of teeth on one disc alternatiiijj; with those on*the other; there are 
usually three rings of teeth on one, and two on the opi)osite disc. The discs 
are enclosed in a sulwtantial iron easing, in the upper i)art of which is 
a hoj)j)cr for the introduction of the mineral to be crushed into the 
centre of the machine, the discharge l)eing through a shoot in the 
bottom of the easing. The two discs nic caused to revolve at high 



Fig. i7S. I H.siutograto?'. I'erspoutive. 


velocities in opposite directions, the si.eed of the outer teeth k-ing 
usually some 7(M«) feet per minute; a fragment of mineral falling down 
is struck by a tooth and sent flying off tangentially with considerable 
velocity, at whieh it meets the next tooth moving also at great speed 
in the opposite direction, and is shattered by the impact, this action 
continuing until the comminuted jwrticles are thrown off from the outer 
ring of teeth. These machines are not adapted to the crushing of hard 
material, the wear king excessive and the crushing capacity extremely 
low, they give excellent results on soft material such as coal, for which 
they are very largely used. Carr’s disintegrators are built in various 
siaes ranging from 2 feet to 8 feet in external diameter. A (i foot 
machine, which is a convenient si!!|;, requires about 25 H.P. and crushes 
from 15 to 3« tons of coal per hour, running at about 200 revolutions 
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per minute. Such a machine weighs about 5 touB and costs about 
£250. 

The Cyclone pulveriser' consists of a jjair of steel fans revolving in 
opposite directions in a s*cel lined drum into which the mineral to lie 
crushed is fed. llic fans make 2000 to ;i000 revolutions per minute, and 
at this rate can crush 1 U) 2 tons of material i)er hour with a power 
consumption of alsuit 20 H.P. This machine is siKJcially adapted to 
e.xtremely fine grinding.^ 

The Stiirtevant mill - is very similar in general arrangement; ns shewn 
in Fig. 170 it consists of a horizontal drum lined with screen Uirs; the two 
ends are closed by conical bushings which revolve at a high rate; the 



175*. SturUiVftiit mill. Perspective. 


mineral is fed in at the toj) and discharged at the Ixdtom of the ciisiug. 
The mills are made of various sizes, 15 inch and 20 inch in diameter 
being thos. most used The former mill crushes about 10 tons per hour, 
consuming 70 H.P. ; the latter are run at about 900 revolutions jrer 
minute, consume from 90 to 115 H.P. and crush 20 to 24 tons jxjr hour 
to 12 inch mesh. The wear comes chiefly upon the conical bushings 
which are made of chilled cast iron. A set of these weigh BOO to 
1000 lbs. and are variously estimated to outlast the crushing of 000 

' Travi. Amer. hut. Min. Eng., “Tho Utilization of Puddle- and Itcheating- 
Slaga,” by Axel Sahlin, VoL xx. p. .W. 

* Tram. Amer. Imt. Min. Eng., “ Granulating Magnetic Iron Ore with the Sturtcvaiit 
Mill,” by W. A. Hoffman, Vol xxL pp. 12«, 530, Tol. xx. p. 805. 
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to (WOO tons of ore. It is stated that the wear is greatly increased when 
moist ore is crushed, and that the most favourable results were obtained 
on roasted ore. 

Machines working by attrition arc employed only where very fine 
crushing is re(juired; it would probably be best to restrict the term 
grinding to the designation of this class of crushing, whicH is but rarely 
employed in dressing oj)erations, though often used in preparing minerals 
for cheinicnl or metallurgical ojicratioiis. * 

The simplest form of grinding inachiiic is the well-known Arrastra, 



Kig. ISO. Arnutra. Vertical svctiuii. 

which has been largely used for treating gold and silver ores in Mexico 
and the Western States of America. It consists, in its simplest form, of 
a shallow pit from 1 to 2 feet deep and 10 to 20 feet in diameter, paved 
closely with hard stones. In the middle of the pit an upright post is 
pivoteil, to which are attachetl several (usually four) horizontal anns. 
From the ends of these anns hang heavy drag-stones, there being usually 
one to each arm, and the usual weight being 6 to 7 cwt These stones 
are attached to the arms by means of chains or raw hide ropes, the 
line of attachnjeut being someAihat in front of the centre line of the 
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Btone One of th6 arms projects beyond the edge of the machine and 
to it a mule is usually harnessed; arrastras are also worked at times 
by water or steam power. Such an arrastra, made by the Union Iroii 
Works of San Francisco, is shewn in Fig. 180. The arrastra is charged 
with from 1 to 3 tons of mineral (usually hard quartzose ore), the 
drag-stones tre so adjusted that the front edge is just clear of the 
bottom, and the machine is set in motion, making from 6 to 12 revolutions 
per minute. The ore is'ground fine in about 2 to 3 hours, water being 
poured in as soon as it is reduced to about the size of coarse sand. 

Improved arrastras have l)een constructed in which the pan is of 
iron about 8 feet in diameter, lined with ciiilled cast iron bottom plates 
u()on which the drag-stones bear. 

The Chilian mill consisted originally of a bed of stone very much 
like that of the arrastra, tliough usually rather smaller in diameter. 
Tlie central tipriglit carries only one transverse arm, on one end of 
which revolves a circular stone like a mill stone, mostly of granite, 
5 to (! feet iu diameter and alxnit 18 inches wide, whilst a mule is 
harnessed to the other end. More modem forms are used in which 
the pan alone, or Ixjth pan and roller, are made of iron instead of stone. 
Suih mills arc used fur crushing soft gold ores in the Ural mountains'; 
they consist of iron pans about lu feet in diameter and 2 feet 6 inches 
deep, lined with steel plates, the front portion of the pan carrying 
scretms. The central shaft, driven by gearing, carries three arms at 
angles of 120° to each other, on each of which is a roller alx)ut 4 feet 
iu diameter and 1 foot wide, with steel tyros, weighing altogether about 
3j tona The shaft makes aI)out 12 revolutions per minute and the 
power c( nsumptiou of the mill is about 7 h.f. It crushes about 18 
tons per 24 hours of the rather soft ore to one-eighth inch mesh. 

In spite of the existence of these improved forms, it may fairly be 
said tliat the main advantage of the Chilian mill and the arrastra lies 
in the fact that the simpler patterns form crushing machines that are 
capable of being worked by animal power, and are hence useful when no 
mechanical power is obtainable. 

The Bryan roller mill and the Bradley Chilian mill are practically 
identical in construction with the last-named, and differ only in details; 
these are made from 4 to 0 feet in diameter. The Union roller mill and 
the Griflin ore mill are similar, but have rollers that incline inwards so 
as to counteract centrifugal action, the grinding sur&ces of Gie rollers 
being not cylindrical, but very short fri]gtra of cones. 

* Tram. Jitur. /ml. Min. Bng. VoL xinn. 18BS, pp. 31, S4S. 
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revolve by suitable machinery, the rollers which fest upon the pan 
revolving owing to the friction between them and the pan. 

The Bcbrans roller mill, Fig. 181, depends also upon the , last 
mentioned principle. It consists of a disc about 4 feet 6 inches in 
diameter, the upper surface of which forms a flat cone, the generatrix of 
which is inclined alxiut 10“ to the horizontal; this disc revolves at 12 
to 14 turns per minute. Uixm its upjwr surface rest three rolls having 




Fig. 18.1. Simple Hebcrie mill. Vertical sectioD and plan. 


the form of frustra of cones, the generatrices of which form an angle 
of about 10' with their axea These, conical rollers are free to revolve, 
their axes being pressed dotvn by means of powerful springs by which 
any desired degree of pressure can be produced. The diameter of the 
rollers is alieut 2 feet 3 inches, and they make from 30 to 36 revolutions 
they are proyaded vnth renewable steel mantles. These^ 
;&dl1ii.iVi^uire 3. to | h.p. ; they are chiefly used for the re-crushii^ 
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of middlings, and bave been found capable of crushing 8 tons of hard 
quartzoee ore per 24 hours from 0'3 inch down to 0*08 inch mesh. 

Ihc Heberle mill, shewn in Fig. 182, consists of a vertical disc 
about 6 feet iu diameter rotating at about 2 revolutions per minute, 
against which press from 1 to 4 smaller discs 28 inches in diameter, 
making 250 revolutions per minute. The surfaces of these discs, where 
they are in contact, are often grooved so as to increase their grinding 
power. These mills consume about 5'25 h.p. and crush about 17 tons 
for each disc per 24 ho.urs; they arc used exclusively for re-crushing 
ore that is already broken to less than 0’5 incli. The figure shews a 
double mill, consisting of a pair of large discs keyed on one shaft. 

A simpler fonn, consisting of one revolving disc giiudiug against a 
fixed disc, is shewn in P’ig. 183, as made by the Humboldt Engineering Co. 
This mill is said to be capable of grinding 0 to 8 cwL of § inch stuff [ler 
hour down to less than ^ inch; it requires from 5 to 7 H.P. and about 
U gallons of water per minute. 

Pans of various forms, of which the Wheeler pan is one of the best 
kuo'Mi, are used for fine grinding crushed gold and silver ores, the 
objeet being however rather the chemical operation of amalgamation 
than the mechanical action of comminution. They consist of cylindrical 
lians with an iron bottom on which revolves an iron muller. They are 
fully lescribed in the author’s Handbook of Gold Milling, already 
referred to. 



(1HAPTER V. 


SKl'AltATION HY SI’EClFIt; GRAVITY. 

It wan )Miiiiti-(l out in the o)>cninK chapter that a large majority of 
the methoda employed in the Heimratioii of minerala from each other 
dc|)cnd u|)oii differeiieea in the re»|)ectivc «{)ccific gravities of the 
minerals in (jiiestion. This o|>enition is performed by the aid of 
fluids, cither li(piid or gaseous; in the former case the fluid may 
have a higher s|»ecifie gravity than one of the ingreilients to 1 h.‘ s<‘i)ar- 
atcrl, or it may Ik? of lower sjmcific gravity than any of them; in the 
latter ctwe the simeific gravity of the fluid is necessarily always much 
lower than that of any mineral constituent. 

We will confine our attention in the theoretical discussion of the 
subject to the Ke))aration of only two mineral substances from each 
other, liccausc in jmujtice such methods of separation nearly always 
take the form of sc])arating out one mineral ingredient (the heaviest 
or the lightest as the case may Ik) from a mixture of a numlKr of 
minerals, then separating out another memlKr of the remaining group, 
and so on, so tliat even a com|>lcx case of sc]>aratiun is generally 
resolved into a succession of binary seitaratiuns. 

Tile theoretically simplest case is where a liquid of intermediate 
si)ecific gravity is employed. Tims in a mixture of coal (of sp. gr. r:t) 
wid shale (of sj). gr. 2‘5), the former could be separated completely 
from tlu' latter by cnishing the mineral to a degree of fineness such 
that each particle shall consist wholly either of coal or of shale, and then 
throwing the crushed mass into a saturated solution of magnesium 
chloride of sp. gr. in which the coal would float, whilst the shale 
would sink. No mechanical arrangement would be required except 
some simple form of stirrer to prevent particles of shale from lieing 
mechanioally entangled and buoyed up by [larticles of coal, or, vice 
veria, particles of coal from being entangled in and carried down by 
particles of shale. However sjpiple and efficient such a method is in 
theory, and in spite of its working admirably on a small scale— 
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e.g. for the separation of a few grains of mineral in the laboratate- .1 is 
quite unsuited for practical application on a working scale. Inrte first 
plaqe the range of the method is very limited, because there are but few 
minerals li^it enough^to float in any of the ordinary available solutions. 
The mineralogist uses a number of heavy solutions (e.g. Sonstadt’s solu¬ 
tion, a solution of Mercuric Iodide in Potassic Iodide, sp. gr. S'lfl; 
Methylene Iodide saturated with lodofonn, sp. gr. 3-6; Rohrlach’s 
solution, a solution of Mercuric Iodide in Baric Iodide, sp. gr. STiS; 
Klein’s solution. Boro-tungstate of Cadmium, sp. gr. 3-28) for the 
laboratory separation of minerals, but these solutions Ire very costly, 
difficult of preparation, easily decomposed, or for other reasons prac¬ 
tically impossible to work with on any large scale. Even in the case of 
such minerals (e.g. coal) as are sufficiently light to float in solutions 
of cheaper substances (Calcic, Magnesic, or Sodic Chloride), the first 
cost of the material would be considerable, whilst the loss of substance 
in the operation itself and the necessity for a thorough washing of the 
mineral recovered would make the process too costly to be practicable. 
This method is therefore never used, unless we include in it certain 
methods of gold e.\traction, in which a pulp of finely divided material, 
contaliiaig free gold, suspended in water, is allowed to stream through 
a bath of mcrcurj’. The gold, more or less completely amalgamated by 
the mercury, sinks to the bottom of the containing vessel, whilst the 
liarren pulp floats oft'at the surface. 

The remaining methods in which the minerals to be seiiaratcd are 
treated in fluids—li(]uid or gaseous—lighter than themselves constitute 
the bulk of the processes with which we have to deal. It is obvious 
that in these methods sejiaration cannot take place in a state of rest, 
and either the mineral substances, or the enveloping fluid, or both, 
must be in motion. 

(1) The simplest and one of the most common cases is where the 
minerals are allowed to fall through the fluid under the action of gravity. 
It is known that when bodies fall in a vacuum under the action 
of gravity they fall with uniformly accelerated velocity, the equations 
connecting the velocity of falling (v), the time of foiling (t), and the 
distance follen through («) being; 

( 1 ) v^gt, 

( 2 ) t>‘m2gs, 

(3) 

where g is the acceleration due to gravity (32 2 feet or 981 centimeters 
per second per second). When a body klls in vacuo, its rate of foiling is 
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independent of its weight or volume, because whilst the?accelerative i 
of gravity increases with its mass, the quantity of matter to be m( 
increases in the same proportion, and there being no resistance b 
overcome, it is unimportant how great its surface may be. The 
is very different when a body falls through a resisting medium; 
force producing acceleration depends as before on the mass of 
substance, but this force has now to perform not only the worl 
moving the mass but also of overcoming the nesistance of the med 
in which it moves; the latter may be looked upon as including 
work required to lie done in displacing as much of the fluid med 
i«i is requisite for the fwssage of the moving body together with tha 
overcoming the viscosity of the fluid. 

Neglecting viscosity for the moment and assuming for the t 
of simplicity that the Imdy falling in a fluid is a sphere of diamete 
and of B|)ecific gravity S, and that ir is the weight of unit voluim 

water, the weight of tlic sphere will Ik; ^ /Wic and in a vaci 

this is tlve weight producing sicceleration. 

Ijet the Ixsly of diameter I) inches and specific gravity S fall 
flind of sjtccific gravity s: 

Then the weight causing acceleration is the above weight less tha 
an eipiol volume of water or 

I Ihv(H-H). 

'llic resistance of a fluid to the fall of a Iwdy within it varies in part 
the squares of the velocity with which the body is moving, and in p 
directly witli the velocity. When the velocity is considerable, 
resistance varying with the square of the velocity need alone be c 
sidcred, when on the contrary it is very small, only that varying direc 
with the velocity is of much im|K>rtance, and this only comes into p 
at velocities so low that the viscosity of the fluid affects the result 1 
considerable velocities the resistance is given by practically all writ 
on the subject in the following form 

KAv!k\ , 

where A is the projected area of the body iu a plane peipendicular 
the direction of motion, and V the velocity of motion per second; i 
a coeflicient which is independent of the units employed. Foi 
sjAere, according to Bankine' K = Out; Cotterill gives K = 0 
■ Applied Meehanict, p. 598. 
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H. S. ADen' gives JSr = 0'54; Unwin gives values vg||ing from 
0'31 X 1’43 = 0'44 to 0’31 x l'86 = 0'5a Its exact value does not 
grsatly affect the present question, so that it will be near enough if, 
following several other writers, the value A'=0‘5 be here adopted. 
The resistance of the fluid, using the above units is therefore 



where V is the velocity of motion of the sphere in inches per second 
and is 12 X 32’2 = ,‘180 inches per second per second. When the weight 
causing acceleration is equal to the resistance of the fluid, the velocity 
l)ecomes uniform ; hence equating: 



If the velocity is re([uired in feet per second, this becomes 
2-67 

If a culie of side L inches lie allowed to fall, the formula becomes 
modified as follows: 

Weight causing motion = Uw (8 — «), 

Besistance = r2(ii-ic« „ . 

21/ 

Hkjuating and solving 

If the velocity is required in feet per second, this expression becomes 

When the diameter and velocity are expressed, as is often the case, 
in meters, the unit of time being still one second, these equations read 
as follows. Dm and F® being the respective magnitudes expressed 
in meters: 

Weight causing acceleration = ^ (8 - *) w, 

Resistance = 0-6 ate = VJ », 

^ Phil. Mag^ “On the motion of & sphere in a tiscous fluid,” by H. 8. Allen, l&OO, p. 824. 
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= 261«/J„ 




which k the Hame cxprcHHion as iia« iascn arrived at by a somewliat 
different nietli<Hl liy Bcrgrath von Rittinger. 

For a cube' of aide Z/„ (cxprcaaed in metcrK) we have 
Weigiit cauaing motion = (*'? - a) w. 


Reaiatance ' 


• 1 2(lA,„ «, 


rj= l.v;tA„ 




r,„ = .•1-ill 

For tlie velocity of fall of iiTcgnlar iKidica, Rittinger adopts the 
device of aaaiiming a aphere of diameter aiich that the volume of the 
aphere ahall lie u<|nal to that of the irregular la)dy. Jjet 8,„ l)c 
the diameter of aiich a aphere. Then ac(;or<ling to Rittinger the 
nltimate velocity of fall in metera may be expi-eaaed by; 

3-2 \JB,n f<)r rounded la)dica, 

2-2■) yy/8,„ ^ for flattened Indies, 

2-6.'i yy/ S„ "J for elongated l)odie.s, 

2-80 ,y/ S,„ ^ on the average. 


Furthennore he pointa out that the ratio of the volume of a particle 
to the diainctera of a (icrfuratiun (iu a sieve) tlirough which it can just 
|iaaa, is appi-oximatcly constant fur cttch type of form, hence an approxi- 
irwte ratio can be obtainerl between the diameter of such a perforation 
and the diameter of a sphere of volume equal to the volume of a 
particle that w-ill just iiass tlirough the perforation. If the diameter 
of the jicrforation be A,*, the terminal velocities in meters per second 
of tlie falling bodies will liecome : 

2-73 A„ ^ for rounded bodies, 


' Maurice Rend. Sac. Ind. Myi. 1896, p. 113) gives for rough culies of minerals 

tailing in water “ an52a^i„(A-- i), using the above notation, as the result of some 
exiierimeuta, hot hi* foniiolas do not agree in other ros|iects with those here given. 
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1D2 jj—) for flattened botlies, 

2'37 A„ --j for elongated Imdica, 

2'44 ,y /Am on the average. 

• 

The writer is inclined to suspect that the average figures thus 
obtained are upon the whole rather too low, the tendeiiey of modem 
crushing practice being to devise methods of crushing that will yield 
rounded granules as far as possible, and that a higher coeflicient than 
2'44, say at least 2'6, may safely be adopted 

These expressions shew that for a Iwdy of given size and a|)ecifie 
gravity there is a limiting velocity which can never be exceeded when 
it is failing in a fluid medium of given specific gravity ; theoretically 
this limiting velocity would only be attained after an infinite time, but 
a velocity that is practically constant is attained in a very brief jxjriod 
Mr H. S. Allen has given the following rough rule as approximately 
correct for a falling sphere: 

The terminal velocity is attained in practice when the sphere has 
fallen through a distance equal to five times the distance required to 
set up the same velocity in vacuo. 

Therefore the constant velocity T'' will be practically attained after 
the sphere has fallen through a distance in feet equal to 


r,V‘ 


j.j nearly. 


The laws governing the decrease of acceleration during the first 
pf^ion of the fall, in the period before practically constant velocity 
has been attained, are almost unknown. It can only be said that at the 
commencement of the fall, when the velocity is practically zero, the 
resistance due to the velocity of falling may be disregarded, and 
the velocity of falling approximates more nearly to that of a body 
flailing in vacuo; hence at the commencement of the &11, the rate of 
motion is nearly independent of D and approximately varies directly as 
(«-*)• 

It follows from the above formulas that two bodies of diflerent 
diameters D and A, and of differei|;t specific gravities S and 8i, will 
fall with equal terminal velocities in a medium of specific gravity «, 
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when their diameters and specific gravities are to feach other such 
that 

/>] ii—»' 

Sncii particles, liaviiig ecpial tcnninal velocities, are called “equal¬ 
falling i^rticles.’’ Strictly s[>caking, if two equal-falling particles, of 
different densities and diameters, be released simultaneously at the 
surface of a deep vessel containing a fluid such^as water, they will not 
reach the bottom of the vessel at precisely the same moment, because 
the denser of the two will have a greater initial velocity, and will 
reach its limiting velocity l»efore the lighter particle will do so. If 
the depth of water is at all considerable, the difference will however 
Isjar so small a proiK.rtion to the total time occupied in falling, that 
It may be neglected for jnactical i)urpo8eH. In fact in practice it is 
always assumed that the jMirticles which reach the bottom of a vessel, 
as above, at the same moment, are equal-falling iwrticles, and whilst 
not strictly true, this assumption is near enough to the truth to involve 
no sensible error, if it lie Iwrne in mind that of the two jiarticles that 
reach the Isittom of such a vessel simultaneously, the heavier will be 
slightly smaller than is indicated by the law of equal-falling jMirticles 
strictly interpreted. It is obvious that if particles of two different 
imnerals of notably different siiecific gravities and of different sizes 
fie sized by screening through a series of sieves, the perforations of 
which are so arranged that all the particles passing through one mesh 
and not luvssing the next smaller, shall have diametera such that the 
ratio of the smallest to the laigest shaU not be less than indicated 
by the condition 

/>_«,-« 

«-s ’ 

the smallest particle of the heavier mineral in that group must 
neccmrdy attain an ultimate falling velocity greater than that of ■ 
the largest particle of the lighter mineral; accoitlingly it would be 
IK^ible to completely separate all the particles of the lighter from 
rfl the particles of the heavier mineral by their rate of faUing in water. 

riic ratio of the size of the perforations of the screen to the next larger 
or miisller. laknnwt) nu ffiM • « . ... ^ 


• » . --ui uie aexi larcrer 

or smdler, is known as the sieve scale, or the sieve factor, and it is obvious 

that tins ratio should be determined by tlie cxpi-ession ForaU 

practical purposes, this may be written ^ ? for bodies felling in water. 
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and for bodies falling in air. It is hence evident that a larger sieve 
Is 

£Eu;tor can be used to separate bodies falling in water than when they 
fall in air, and that, the latter method is accordingly inapplicable to 
the separation of bodies, the specific gravities of which are not widely 
difterent, unless very close sizing be employed. 

Furthermore, it is evident that when particles are separated not 
strictly by their ultimate velocities, but by the time they take to fall 
through a deep body of water, the sieve factor may be allowed to 
be a little larger than that given above, or in other wonls, separation 
by specific gravity takes place under conditions rather more favourable 
than indicated by the formula of equal-falluig. 

Tlie formulas hitherto considered apply only to particles falling 
freely in a fluid medium, that is to say, to individual particles falling 
in a mass of fluid such that the cross-section of the jairticles is so small 
a fraction of the cross-section of the fluid that the reaction of the dis¬ 
placed fluid upon the falling particle may safely be neglected. This is 
never the case in practice, as the number of particles allowed to fall 
simultaneously is always so great as to occupy a considerable pro¬ 
portion of the cross-section of the fluid in which they fall. This is 
usually spoken of as the condition of “hindered falling," the exact 
laws of which are still unknown. It is obvious that a number of 
particles falling through a fluid of limited area, will produce upward 
currents of fluid, corresponding to the displacement of the fluid by the 
solid bodies, and it will be shewn presently that an upward current 
of fluid offers a definite resistance to the j)articles affected by it; as 
in an assemblage, even of equal-falling particles, the denser fall more 
rapidly at the beginning, it is clear that these arc the less affected by 
such upward current, the hindering effect of which makes itself felt 
nkwt by the lighter particles. Again the particles interfere with each 
other, and such interference affects more especially the larger and 
lighter particles, the smaller particles being able to slip more easily 
through the falling mass, and the heavier having more momentum to 
enable them to thrust the others aside. That such hindrance to 
free falling does actually take place to a very marked extent has been 
# shewn by several investigators. H.‘S. Monroe' has shewn that a sphere 
falls more slowly in a tube, the diameter of which approximates to that 
, of the sphere, than when it falls in a practically unlimited body of 

> TV-ob*. Afoer, Intt. Min. Bug., “EngfWevettus Continental Syatem of Jigging," by 
H. 8. Monroe, V'ot xvn. 1888, p. 637. 
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water, and the Haine rcHuIt ha* been obtained more recently by 
II Ijodenburg’. Monroe aloo found that a number of spheres falling 
fn manie. in a tulie fall with only one-sixth of the velocity of free-falling 
spheres. Tlie facts are so far clear, but there arc not enough data 
available to enable calculations or formulas to l)e based upon them. 
It may however l)e taken as proved that all the effects of hindered 
fyiiiig are to favour the suuiller and heavier as against the larger 
and lighter jiarticles, and to enable seiaration to be jHirtonned within 
limits considerably wider than those indicated by the theory of equal 
falling above given; in practice it is usually possible to work with a 
sieve factor double of that indicated by the strict etjual falling theory, 
and yet to get |H.“rfcctly satisfactory results. 

It has already l)ecn stated that all the atovc formulas are only 
a|)plic)tble to Isslies above a certain size and whose ultimate falling 
velocities exceed certain limits. Minerals so finely divided as not to 
settle with reasonable rapidity in water arc sjjoken of as “slimes.” 
No definitiun has ever l)een set up as to the limit lielow which crashed 
material should be regarded ns slimes; it is generally speaking consider¬ 
ably l)elo»' tra.') millimeter (say O'Ol inch).' It is |)erhaps more scientific 
to accept as the definition of slimes “particles so small that they no longer 
olH*y the law of falling through fluids with a terminal velocity varying 
as the square root of the diameter,” or in other words “jMirticles so 
small that the resistance to their motion is markedly affected by the 
viscosity of the fluid in which they fell.” For these small particles the 
terminal velocity has licen investigateil by various writers (e.g. Stokes, 
Cambridge PhiUmtphieal Traiimietioiui, Vol. viii.; H. S AUen, “On the 
motion of a sphere in a viscous fluid,” Phil. Mag. 1900, p. 394 ; 0. G. 
Jones, Phil. Mag. 11194, j>. 431; Lamb's Hydrodymmica, p. 533) who 
all a<xa;pt the expression, originally due to Stokes-, 

r 

where a is the radius of the sphere, F the velocity of fall per second, 
both in centimeters, a and p the densities of the solid and fluid 
resiKiCtively, and p. the coefficient of viscosity of the fluid. (For a body 
felling in water at 15°C., a-oiUto in c.G.a units.) In this expression 
the slip between the surface of the sphere and that of the enveloping 

' H'mlaatmnt Annahn dur P/iyiik, “I'eber die iniiere Reibung ziUier Flussig- 
keiteii,” by R. Udoiibiug, S«r. 41, Vol. xxu. 1907, p. 987. 

* MathtmatiaU aiirf Phi/tiaU Papfn, by Sir Ueorge Gabriel Stokes, Vol. ni. 
1901, p. S9. 
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sphere of fluid i» neglected, the formula of Stokes being 'based on tlie 
assumption that no such slipping takes place; moreover the velocity 
must be so small that all terms involving squares may be also neglected. 
According to H. 8. Allen' the critical radius of a particle above which 
this law no longer holds good is given by the expression 

” V 2gp(tr-py 

so that fur a particle of sand falling through water, taking <r - 2 /3, the 
critical radius is millimeter. He further infers that in ordinary cases 
of small particles falling in water, if the velocity exceeds 50 to 100 centi¬ 
meters jjer .second, viscosity may be neglecterl, and tlie law of squares may 
be considered to hold good. If this inference be accepted, the dimensions 
of imrticlcs fonning slimes, as alwvc defined, can readily be calculated. 

The investigations of the exact laws goveniing tlie motions of these 
small particles is one of excessive difficulty ; here it will be enough to 
note that they no longer obey the ordinary laws of falling given 
Iireviously and that their rate of settlement is excessively slow for fine 
particles ; indeed a stage can be reached at which the forces tending to 
cause falling are insufficient to overcome the resistance to motion, hence 
Mici' ]>articles tend to remain suspended in still fluid, though if carried 
down to the bottom of the containing vessel there is no force at all 
tending to make them rise and considerable resistance to their rising, so 
that once settled they tend to stay steadily at the bottom of the fluid. 

(■2) When a body instead of falling in a fluid at rest is submitted to 
an upward current of water, the nature of the action is similar to what 
it is when the body is allowed to fall, although according to Rankine 
the force exerted by a fluid current pressing against a solid body is 
somewliat greater than the resistance experienced by the same body in 
falling through the same fluid at rest. According to Rittinger the force 
ha/- !>een f-iind to be equal to the resistance, and other authors seem to 
have assumed without question that this is the case. In the absence 
of conclusive experimental data which are required to settle this matter, 
the latter assumption will also be adopted here. On this assumption a 
body will just remain in equilibrium in an ascending water current 
when the velocity of the current is equal to the ultimate velocity which 
the body would attain if allowed to fall freely in the fluid at rest If 
the velocity of the current be greater or less .than this, the body will 
ultimately rise or sink with a velocity equal approximately to the 
difference between the velocity of^the current and the ultimate 
■' he. eit. p. 324. 
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fallin g Telocity of tJie Iwdy. Just as in the case of a body fallinj!; 
in a fluid at rest, a perioil of acceleration according to some complex 
and still unknown law precedes the jKjriod of uniform motion. It is 
obvious that an ascending current will therefore separate assemblages 
of particles of different specific gravities, provided that their sizes are 
such that the ratio lietween the largest particle of the lighter and the 
smallest particle of the heavier substance Ms within the limits of 
l> and D' as given by the eiiuation 
I> Si -j 
D'^ S-n' 

It is also clear that the practical execution of the sejmration is 
facilitated by the rising current, since the velocity can be so adjusted 
as to lift all the i»irticles of lower sj)ecific gravity whilst allowing all 
those of the heavier sul)stance to sink. 

When ]Nirticles are submitted to a descending current of fluid they 
tend to fall through the fluiil according to the laws of equal falling but 
arc at tlie same time airried downwards by the downward pressure of 
the fluid in acconlnncc with the laws already explained. The action of 
the fluid reinforces that of gravity and the i)criod of acceleration will 
Ihj shortenc*!, and during this iMjriod the action already referred to is 
accentuatctl, in virtue of which the rate of falling from rest at the 
commencement of the fall depends almost wholly upon the specific 
gravity of the particle. Hence in a descending current, the denser of two 
0 (]uai-faIling jiarticlew will at first fall far faster than the less dense. 

It follows tliat if a mass of equal-falling {mrticles be suitjected to a 
series of rapidly alternating upward and downward flowing currents, 
the eiiual-ftilling particles can be sharply separated into groups according 
to their densities, and that this separation can be Ijest accomplished' 
by a rapid upward, and a slower downward moving current, the 
duration of the action of either lading too short to allow the particles to 
attain their ultimate velocity, and that this action will be intensified if 
the particles are so near together as to bring them within the condition 
of hindered fiiUiug. 

Wlieii particles are allowed to fall through a mass of fluid moving 
horizontally, their path is the resultant of the various forces acting 
upon them, tiiat is to say, they move in a parabola tending to be¬ 
come ultinuvtoly a straight line. It is obvious that the most rapidly 
falling particles will reach the bottom of the mass of fluid first and will 
therefore have been exposed for the least time to the force tending to 
move them horizontally and will therefore have been carried the least 
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distance horizontally from the point of their introduction, whilst the 
most slowly falling particles will be carried furthest from that point. 
• A horizontally moving mass of fluid will therefore divide up a group of 
particles of different ^sizes and densities into groups of equal-falling 
particles, the division being indicated now not by time or rate of 
failing, but by the horizontal space traversed by each group. Such a 
mass of fluid offers therefore an easy and convenient mcthiKl of sorting 
into efjual-falling groups,the division Isjing better marked the greater 
the horizontal velocity of the fluid. If the direction of motion of the 
fluid l)e not strictly horizontal but diagonally downwards, the same kind 
of scpanition will l)e pHslueed, provided that the horizontal comixment 
of the direction is sufliciently great. 

(3) The above statements apply only when the dejith of the mass of 
fluid is so consideiablc compared to that of the diameter of the {articles, 
that the difference l)etween the velocities of the upjHsr and lower 
surfaces of the current of fluid may be neglected, and that the entire 
niiiss of the fluid may 1 k‘. considered as moving with uniform velocity, 
and that at the same time the rtigime of ecpial-falling velocities may be 
established. If the diameter of the particle lie on the other hand great 
coi;ip,ired to the depth of the fluid, os is the case when [sirticles are 
carried along an inclined plane by a thin Aim of fluid, diflerent con¬ 
siderations prevail. 

If the inclination of the plane be a, the weight of the particle 
prusiiig ujH)n the plane (cf. p. iJlfi) will Iw 

^ ly^ {H — s) fc cos a, 

qmi if M be the coefficient of friction between the imrticle and the plane, 
the resistance to its motion down the plane will l)e 

^ {S - «) w/x cos a. 

If Z’ be the mean velocity of the water cuiTent conse(|uent upon its 
flow down the inclined plane, it will exert upon the particle a force 

IT F* 

equal to K ^ D‘‘»w — , where F is a coeffieient, that appears, as stated 

on page 223, to somewhat exceed 0’5, according to Raukine, whilst 
others take it as O'A To enable the particle to move, the force must 
evidently exceed the resistance, or 

jg 4 o 


15 
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whence I'> \/ M w’s 

if the [lartieic is to l)e moved down tlie plane. , 

Assuiniii)!; that the moan velocity of the current is considerably in 
excess of the ti({ure thus obtained, let there Ikj placed upon a plane 
in fig. 11)4 two imrticles, A and 74, of different diameters, but which are 
equal falling in still water, that is to say, whose diameters and densities 
satisfy the ratio , 

!) _ “ s 

h'~ H - s' 

'flic depth of the fluid may 1 k' conceived as made up of a series of 

thin films <■„ <\, Cj. r,., eacli of which is moving with approximately 

uniform velocity, throughout its depth, whilst each is moving more 
rapidly than the film below it, so that the velocity of <\ will lie almost 
nil, whilst c, will 1 k‘ moving with a velocity considerably greater than 
the mean velocity of the entire sheet of fluid. (fbviously the smaller 



and denser i)article .,1 will 1 k' ex|)osiMl t<i slower moving currents than 
the larger and less dense particle 77, and will therefore 1* moved down 
the inclined plane more slowly than the latter. Hy suitably adjusting 
the angle of the plane, and the depth and velocity of tlu^ stream of 
water, it is jawsible to cause the larger particle It to lx; carried down 
the plane whilst the hwee of the currents to which A is expostxl shall 
not lx.' sufficient to move it, lx;ing less than the value given in the above 
fonnula, so that a very comidetc Separation can thus lx brought about 
(4) Finally, if a group of jiarticlcs immerserl in a fluid receive sinnil- 
huieously an external impulse, their momentum will depend ujxm their 
mass, and the resistance of the fltiid to their motion upon the area of 
their cnws-soction; the general case may be stated as follows: let a 
spherical body resi upon a plane, entirely submerged in a fluid at rest; 
let this plane receive n impulses per second, each imparting the velocity 
I of the plain' to the Ixxiy. If the movement of the plane Ixs now arrested, 
each impulse will move the body forwanl relatively to the plane until it 
is brought to rest by the resistance of the water and the friction upon 
the plane, the latter remaining at rest 
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Let U be the mean velocity of motion of the particle over the plane 
in the direction of the impulses, and let v be the mean velocity of the 
particle during the time, t seconds, in which its velocity is reduced from 
I to zero. All the velocities are measured in units of length per second 
of time The problem is not capable of complete solution for want of 
experimental data, and a nural)er of assumptions must be made, the 

most important of which is tliat v will l)e taken as eipial to |, merely 

because this value is the mean between its initial and its final values. 
The remaining notation is the same as on p. 216. 

Then the initial momentum of the jiarticle is 

<> 

This momentum is destroyed in time f; the distance traversed by 
the particle per impulse is vt and per second nvt\ whence 

{ ' = m'i and f = . 

uv 


Hence the force re(|uirc(l to destroy the momentum is 
(> Ug 

Atid this force is e()ual to the resistance of the water plus the 
friction on the plane, these l)eiug as lajtbre 

TT 


„ - and 

)( '■Ig 


Flquating and substituting, 
(i 2gU 


whence 


U-- 


ii 4 6 ~ 

imp 


-^gP + 2gD{S-s)fi' 

From which it api)ears that when other conditions remain the same a 
larger particle will l)e moved more rapidly over the plane than a smaller 
particle. For particles of the same size but difterent specific gravities, 
U increases with S, or the heavier jtarticle moves the faster when 
■ffP> 2gfiD, and the lighter particle moves the faster when -^P < ‘2gfiD. 
The fonner is the general condition, so that under most circumstances 
the heavier particle moves the faster, but in the case of large rough flat 
particles, where I) and g are Iwth considerable the lighter particle may 
move the faster over the plane. 

In practice the simple arrangement here postulated is never used, 
but planes subjected to impulses, such as here described, have a current 

l.'5-2 
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of water flowing over them in a tliiii film, so that the action described 
in the last secttioii is com[M)Undc<l witli tiiat due to the impulses of the 
plane, as will lx." more fully descrilaMl in ( 'liapter VIII. , 

A numlicr of processes and appliances are fopnded upon the alwve 
principles; it has Iteen shewn that these are only applicable to groups 
of [larticles the dimensions of which exceed certain definite limits, the 
smaller particles constituting slimes, wiiich have to be treated by 
another m't of appliances, thougli the line of demarcation Irctween the 
two groujw is ijy no means sharply drawn. It is evident that by the 
application of the simple prineitile of c(iual falling velocities, all the 
denser |Mirticles could lx‘ separated from all the less dense particles 
of a group in whicli the ratio of tlie largest to tlie smallest diameter 

shall Ix' less than the ratio ,, , Ixeanse in this tlie smallest jiarticle 

A — s 

of the dens«‘r material must .still fidl more rapidly than tlie largest 
I»urtiele of the less dense. Tliis is usually attained by crusliing the 
crude minend in any siiipdile inaeliine, and by (lassing the crushed 
prisluet through a series of any of tlie sizing appliances already 
considered. The Co.ve gyrating siTcen and otliers of tliat class have 
been used, as also liavi' screens of the Kerraris type, but tromniel.s 
(p. .y.'i) are to-day almost universally employed for this i)nr|K)se. It is 
obvious that the diameter of tlie .screen apertures or meshes must 
form a aeries in geometrical progression, the factor of which is the 
above ratio, wliich then constitutes the sieve scide or sieve factor, 
llittinger recommends a sieve factor of \';t== I’41, which is thoroughly 
eflicient for most purposes, but is liable to the serious objection of 
retpiiring a very large numlxr of trommels and a corresjaindingly large 
numlicr of np)ilianees for treating the pnsiuets of each. His sieve factor 
is unnecessarily small for most pnr|Kises, Ixeause as has already Ixjen 
indicated, and ns will apja-ar more i»irtienlarly afterwards, the greater 
IMirtion of the appliances in use separate lairticles under conditions of 
hindered foiling, and laifore the dpial falling regime has become 
established, and can hence sc|Miratc (Mirticles of une(|ual density when 
these should not lie seiiarable according to the laws of equal falling. 
A sieve scale of two, or at times even more, may therefore lie used with 
[lerfcct camfidcnce in most cast's. 

The real difliculties incident to sejiarating lie essentially in the 
operation of crushing and are referable to the production (a) of slimes, 
and (A) of middlings. , 

(a) When a complex mineral mass is crushed small enough to 
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isolate the different individuals of which it is composed, which is the 
indispensable preliminary to separating, a ceitain jwrtion is always 
'unavoidably crushed finer than necessary, producing more or less 
material so finely divWed as not to obey the usual laws of settling— 
which, as already stated, is known as slimes; a good many types of 
machinery have been devised for treating these slimes, but so far none 
can be said to have attained complete success; they mostly de|M!nd 
uj)on the principle of causing the material to settle by agitation in very 
thin sheets of water. It is hence important to select crushing machinery 
that yields a gramdar product and that makes as little very fine ixiwder 
as possible; whence the need of avoiding machines that act by abrasion 
if the pnMluct is to be treated by these metiiods of seiwration. 

(h) When such a comjdex ndncral is crushed, not only are the indi¬ 
vidual si)ecies isolated from each other, but a certain mmd)er of jjarticles 
will always l)e produced, coTisisting partly of the lighter and partly of 
the heavier mineral, and having tliercfore a sjK;cific gravity intermediate 
between the two. Sucli i)articles will necessarily lajliave just like particles 
of some individual mineral of the same specific gravity as the composite 
particle, and it is imi)osaibIe to dress such coiniKcsite jmrticles except by 
cnisliiiig them again so as to lilcerate the individual constituent pirts. 
As the position occupied in drc.ssing o|)erations by a ))article of given 
size deiKJiids only on its sjxicific gravity, nothing is gained by repeated 
dressing ojierations applied to the same lairticle, and Prof. Hichard’s* 
dictum “once middlings always middlings” necessjiiily holds good, 
always provided that these are “true” middlings, due to the jmescnce 
of lK>th mineral individuals in the same particle; in practice “false” 
ipiddlings are sometimes met with, due to some iinix;rfection in the 
dressing o|)eration. niese latter can l)e separated by repeating the 
same dressing operation, and to these the above statement does not 
apply 

Accordingiy in treating a complex mineral, although it contain only 
two constituents, it is necessary to provide for three classes of pnalucts, 
namely, the mineral of higher density, that of lower density, and the 
middlings, the latter class having afterwards to be crushed down until it 
has been split up into its constituents; this crushing is necessarily 
accomicauied by the production of slimes and conseriuently entails loss. 
Tlie best practice will therefore be to do as little crushing as possible; 
this is accomplished by the method of “gradual reduction,” which consists 
in first crushing the mineral to such a s^ as will liberate the coarsest 
‘ Amer. Iwi. Min. Eng. VoL xxii. p. 700. 
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iixliTidual |mrtidcH |»rc»eiit, Hcreeiiiiig out thiH coarser size, dressing it, 
and crushing the iniddiings finer, the saine lieing done with each successive 
sise (tf {larticIcR Here liowever it must be insisted that the operations 
to l)e employed in any given case de|)end essentially upon the commercial 
values of the pnalucts. The theoretically Ijest metlKal of seimration is 
not the one that must necessarily la- employed, but rather the method 
that gives the liest economic results. Hence processes that arc to l)e 
highly recommended for valuable laidies lik*c tin ores or gold ores 
would la* utterly out of place for cheap materials like coal or iron ores. 
It is this imiairtant consideration that renders it imja)ssible to draw up 
any scientific classification of dressing metlnals, and that ciiuses the 
same piaaiess to la' u.sed in one (rase as a preliminary, and in another 
as a finishing—lairhajis as the only—ju-ocess. 

A rough classification of wet dressing prearesses is as follows : 

Pnarrases that submit minerals to the action of 

A . \\ ater currents that are in the main vertical and in one direction : 

1. Preliminary : S|)it/,kasten, Spitzlntte. 

2, Pinishing: Syidion washer, liobinson washer. 

B. WaUT currents that are in the main vertical and in alternately 
op|K)site directions : 

Jigs. 

C. Water currents that are in the main horizontal: 

1. Preliminary : Huddles, tyes, sluices. 

2. Finishing: Trough washers. 

/>. WaU'r currents in thin sheets: 

Frames, tables, blanket strakes, etc. 

h. \S liter currents in thin sheets, aided by e.\tcn»al impulses : ' 

Shaking tables, Vanners. 

Of these grou|)8, A, B, and C arc unsuited to the treatment of slimes, 
which can lie treated by appliances of the tyiK's I) and K, some of tiuw 
includtMl under tyiie J> lieiiig slime machines par excellence. 



CHAPTER VI. 

APl'LIANCKS DKPENDINC ESSENTIALLY ON 
VERTICAL FALL 

These appliances may Ik.' sejjarated into two gron|)s, the first 
embracing sucli as are used Ibr preliminary treatment of ernshed 
minend, the second sucli as are used for final dressing. 

A. APPLIANOE.S FOR PRELIMINARY TREATMENT. 

This is only ajiplied to particles of mineral so fine as present 
difticnlties in sizing, and therefore very often to the undersize from 
the finest mesh of a set of trommels or other sieving appliances ; 
it tieiits iiarticdes that are usually less than 1/5 inch (1 millimeter), 
but is exceptionally used for jiarticles up to inch (I'.'i millimeters) 
in diameter. Its object is to divide the ma.ss of mineral |mrticles 
into gi'iiiijs of practically eiiual falling particles, each of which groups 
is to be subsequently submitted to suitable dressing operations. 
ITiis proce.ss of separating into equal falling groups is liest spoken 
of as dtmififatimi tOennan Sortinmg), whilst an e(|ual-falling group 
rfiiay be (L.scrilx;d as a r/m». Ccnerally the pulp, consisting of 
jiartieles suspended in water, after passing through the fiuc'st screen, 
flows to the classifying appliances, three or four classes being usually 
made ■ the .Mcaping water contains then ordy the finest slimes which 
are allowed to settle as completely as iH»s.sible in such simple devices 
as slime pits, labyrinths, etc. 

The appliances used in classifying are the spitzkasten, called also 
V 1k>x or iKiinted Imx, the spitzlutte and various modifications, which 
latter refer entirely to details of construction and not at all to essentials, 

■ these latter remaining just as they were when first designed by Bergrath 
von Rittinger. 

Spitzkasten. A spitzkasten in its simplest form consists of an 
inverted pyTamidal box rectangular in plan, and having an aperture 
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at the a|)ex. If a utrcain of pulp be allowed to flow slowly in at one 
side of this ls)X as indicated in the diaf?ramniatic section, Fig. Ifio, at A, 
and flow out again at /i, it will follow approximately the direction • 
indicated by the arrows and will de|si8it in the«ts)x all the particles . 
cafsible of falling through the Isjlt of moving water ol maximum depth 
C'li, during the iieriod that the pul|) occupies in flowing horizontally 
from A to H. The class of particles deiswited in the box will depend 
therefore uisin the depth of the belt of moving water which is partly con¬ 
trolled by the ditlerence in height Itctween the inflow and outflow levels, 
and |Mirtly by the time occupied by the pulp in flowing along the 1m)x, 
which latU-r element agsiiii is controlled by the length of the 1h)X and its 

breiulth for a given bulk of pulp, 
and by the speed of the inflowing 
current. Ilittinger jwefers that the 
inflow and outflow shall be on 
exactly the same level, and Pro¬ 
fessor Richards' has shewn experi- 
nicntiilly that this opinion is sound, 
and the latter has furthermore 
shewn that the angle of the in¬ 
flowing puli> should not exceed 
it" to the horizontal. Ills in¬ 
teresting investigation shews that in all cases eddies are set up and 
that currents exist in the spitzkasten other than those indicated in the 
alM)ve tlustretical diagram, ami that these currents carry down material 
finer than that which shonid normally settle in the box, so that it is 
impossible to prmluce complete classification. The spitzkasten gives 
however an up|)roximate classification and is still a gootl deal used on 
mxsnint of its cheaimess and simplicity. The conditions under w'hich 
it does satisfiicP>ry work havt; Ik-cii determined from purely empirical 
data. It may 1 h' |s>inted out that although the mineral to l)e classified 
is brought in by a horizontiil stream of water, the separation takes 
pla<‘e under conditions of vertical falling, so that the appliance properly 
belongs to the group now under consideration. 

It is usual to arrange a series of such |H>inted boxes, each being so 
much wider aud lunger than the previous one as to give a distinctly 
difierent class of product Usually there are three or four such boxes 
in series. Rittingcr's rule is that the first box shall have a width of 
ji|, fcHit for every cubic foot of yulp flowing into it per minute and a 
‘ Trnm. Anur. Imt. Min. B»g. xxvii. p 2t»; On Dremng, Vol. i. p. 434. 
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(»f lu’tioii of Spitzkiu^ten. 
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length of about 6 feet; the aubeequeiit boxes have widths iaBreibiUig in 
geometrical progression with a ratio of 2, whilst the lengths increase in 
aritlimetical progression by 3 feet at a time. Thus the dimensions of a 
set of four boxes to treat 20 cubic feet of pulp jier minute would be on 
this principle: 

I. II. III. IV, 

Longtli.fi' 9' 12' 15' 

Breudtji ...2' 4' 8' IB' 

Linkcnbacli I'ecommends that for each 10 cubic feet of pulp jier 
minute, the first laix should liave a width of 2rr5 inches and a length of 
about 12 feet, successive Ixixes increasing in width in geometrical pro¬ 
gression with a ratio of I'.'i, and in length in arithmetical progression by 
4 feet at a time. A set of four boxes to treat 20 cubic feet of pulp |)er 
minute would therefore have the following dimensions: 


I. 

11. 

III. 

IV. 

Length.12' 

16' 

20' 

24' 

Hroadtli ...4' JJ" 

6' ()" 

9" 

14'8' 


He points out however that wlien ranch water is drown off with the 
sands tlie rote of flow is diminislied by this ciriaimstance, and that under 
these conditions notably smaller dimensions can lie employed than those 
given by his formula. 

The sides of the box must have slojies of not less than M" to the 
horizxmtal, in order that none of the sands may tie deiwisifed ujxin them; 
the lower jairtion of the box is therefore made in the shajK! of a square 
pyramid having tlie required angle, the shorter sides continuing at this 
slope, whilst the larger sides are niaile vertical as soon as they have 
reached the desired width. A baffle board should bo placed across each 
box, dipping about an inch lielow the water level to prevent any 
particles being carried straight across to the overflow. Tlie overflow 
may be 3 to 0 inches lielow the intake; Ixith should lie accurately 
horizontal, and the latter is liest furnished with “pins" so as to give a 
uniform supply to all parts of the box. For the largest sizes the boxes 
would necessarily have to be very deeji if the minimum angle of 5(1° is 
to be maintained; this objection is often got over by making them 
double or treble pointed, so that the lower portion consists of two or 
three equal sipiare pyramids having the desired slope, if the last box 
would otherwise be of unwieldy dimensions the pulp may be divided 
equally amongst two (or more) boxes each having only one half (or a 
proportionate fraction) of the width ^at would be necessary according 
to the formula. 
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The-claaMified «WMi« arc drawn off at the apex ; if thiH l)e provided 
with a ainiplc a|)erture, tiie sanda will lx; dilute<l with an excemive 
amount of water, owiiiK to tlie verj’ coimiderivble hydroaUitic hoa<l pro¬ 
duced by the depth of water in the box, unleas the a])erture be very 
Binall, in which caae there in danger of ita i)econiing Ktopix;d up too 
readily. Thin objection in avoided by either fiirniahing the outlet with 
a valve gate which in oidy o|)eiied from time to time when a considerable 
amount of sand will have accumulated (which may be done auto- 
matiiailly, e.g. by the Ayton Intennittent Kxtiuctor, manufactured by 
the Allis Chalmers Co.), or else, atul more usually, by means of a 
syphon tap. lliis consists of a pii)C leaditig from the ajK^x upwards to 
any desired height; the nite of flow of the (lulp from this jiipe is 
regidated by the de|»th of the discharge lielow the level of the water in 
the Ik)x, lasing less of course in proportion iis this depth diminishes. 
The pi|a!s are supplirsi with |tlugs to enable them to la- cleaned out 
readily and any accidental stopimge removed. 

Tlu' ])idp going to the first sisit/.kasten usually cJirrics from 11 to 
21 Him. of sands to the cubic foot. 

Fig. KM) shews the simplest fonii of siiitzkasten on the llittinger 
system, as useil at an Aiistinlian mine, built entirely of wood, a pattern 
that is often ailopteil with but little if any modification, as it is esusily 
and cheaply built, can la- erected and rcisiired by any mine carpenter, 
and if proiairly looked after will last in good order for 10 years or more. 

The spitsskasten shewn in Fig. KM! is aqiable of treating i ton of 
material [ar hour, or 7 cubic feet of pulp ]K!r minute ; No. 1 Ikix is a 
very small one, intended only to catch specially coarse fi'agnients, that 
ought not really to find their way into the jiulj) at all. The spigots are ^ 
formed of short pieces of 1 j inch iron pija to which a piece of india- 
rublair hose piia is attoched, the end of which can lie raised or lowered 
to regulate the s|a'ed of outflow of the classified pulp. 

A more imMlern form designed by Messrs Fraser and Chalmers, Ltd., 
but shewing the same essential fonu of construction with adjustable 
quadrant spigots, is shewn in Fig. 1 liL 

Occnsiunally these laixes are built of sheet iron and may then lie 
either pyramidal or conical; it must be remembered that when the 
miuerals contain much pyrites, acids may lie generated by the oxidation 
of these substances when finely crushed, and under these conditions iron 
boxes arc apt to la rapidly corroded 

It is now very usual to work ^)itzka.sten with an additional upward 
current of clear water, sometimes spoken of as “ hydraulic ” water. This 




Fig. 186. Wooden Spitzkasten. Plan and vertical section. 
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is done by briiiKiriK a rertical water pipe within 2 or 3 inches 
of the ls)ttoin of each iK)x, either inside or from the outside of 
the 1k>x, all these pi|)eM bcinR connected witli a water main, and 
eacli haviii): its own stop valve, by which the flow of water can l)e 
rcupilated. Ky this means (as explained on p. 223) a sharper classi¬ 
fication can Ikj produced, tlie upward cuiTcnt being so adjusted that 



only tl)o m\mm\ claw of mineral jrnvin mi drop \mt it, whilst it altwi 
washes oft any very fine KliuicH that might adhere to the larger graiiiK. 
Tlieat* HpitzkaHteiiH are more often made in the form of a continuously 
widening trough divided into eom|)artmentH hy transverse partitions, 
each com{KUtinenC running out IhjIow into a pyramidal form. Jacomi^try 
and Lenique’s cast iron classifier*^ Fig. 188. is of this type, as also is the 
> Or 0 mt4 Mining, (’. he Neve Foster, 4tb eda 1901, p. 687. 






latter bein„ wed 
clasaifl# has an 
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iinuKually deep baffle board, S, whilnt the shield placed just above the 
nozzle of the clear water inlet is also a notable improvement This 
chtssifier consists (»f a tmugh 9 to 18 feet in length, widening gradually 
from almnt (t inches at the fee<l end to IsJ inches^ at the delivery end, 
and set at a gradient of about 1 in 8; in the trough are from 3 to 5 
(usually 4) wedge shafxsl depressions usually alK»ut 1:1 inches deep, 
and 18 inches to d feet wide at their upper end; these act like a 
spitzkasten and each n'ceives an elbow piite, which supplies it with 
hydraulic water, the pijass lajing aisiiit 1 inch in diameter. The position 
of the Itaffle Isiards als)ve the ends of these piiais is adjustable. < Ipposite 



_ 

Kin- 1S!I. (’uliiiiiut <'lii8sili(.r. I’lwi, cleviitidii and auctions. 


the einls of the pipes is a simple spigot from which the concentrated • 
pnalucta arc discharged. Accoi-ding to Professor llichards' this classifier, 
working on ^ inch 8taam-stami)stiift; will treat (io to (i 5 tons in 24 hours 
with a water eonsumption of "on to 800 gallons per ton of ore, and 
yielding approximately 


r per 24 hours. 


from the 

first lx)x 

20 tons 

„ „ 

second „ 

1 *’ „ 

M »• 

third „ 

H „ 

overflow 

fourth „ 

•> r 

13 „ 


There are a large number of very similar classifiers in use in the 
‘ Ort Dreump, Vnl. i. p, 392. 
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Lake Superior district, f’rof. Richards has l)rou('ht out an improved 
fonn known as Richards’ Shallow Pocket classifier, in which the hydraulic 
water is intnMliiced throiiKh a cone which forms the bottom of each of. 
the depressions, the hydraulic water entering the^cone tangentially, so 
as to rise up with a swirling motion and thus eftect a Itettcr separation 
of the slower- from the faster-fiilling material. The cajMieity of this 
appliance ap|)ejtrs to la* alsmt the siune as that of the (lalumet classifier. 
The Hrowne llydrometric classifier is a sjiitzka^ten with an upward flow 
of hydraulic water, the seisirate Isi-xes laung cones of earthenw'are or 
<K*cusionally of iron. It is shewn in h'ig. 1!M» as manufactured by 
Mtwsrs Pntser and Clmlmers, btd., but may la* made witli either 3 or 
■1 cones. The manufacturei's recommend one of tliese appliances to 
every 10 head of stam|>s, or sjiy to treat .'to tons in ‘Jt hours, the material 
laiing crushefi to jsiss alsmt a .'10 mesh screen. 

binkeniKU'h recommends as suibible dimensions for a spitzkasten with 
hydraulic water a breadth of It inches for eacli 10 cubic feet of pulp 
j)er minute for the first bo.\, this ls),v to have a length i)f go inches, 
wliilst the lengths and breadths of successive boxes are to I)c 1J times 
the prece<ling ones. Thus to treat go cubic feet of pulj) ])er minute a 
sirt of three ls)xes woidd have the following dimensions : 

I. 11. in. 

.I'H" 2'V" .T 

Hioailth ...r I" 2' 

hkich box will then re((iiire an amount of hydraulic water eifual to 
O'll of the volume of the pulp, delivered under a |)ressure equivalent to 
a head of alsmt Ig feet. 

At Schemnitz, Hungary, go tons are passed in g4 hoiii’s through a 
spitzkasten plant coiiHisting of four Isixes, using hydraulic water, of the' 
following dimensions: 

I. It. III. IV. 

Tion^h. fi' 9' 1*2' 15' 

Itit'iwHIi ... 2'9" 5' H' ir/ 

Deptli.4' (>' 8' 10' 

The typical Spltilutte consists of a ls>x in the shaiie of an inverted 
triangular iirism, within which is set a similar, but smaller box, the 
position of which is capable of luyiistment A variable space is thus left 
between the inner wall of the outer Imx and the outside of the inner 
box ; pulj) is admitted at A in the diagrammatic section (Fig. 191), passes 
down one limb of the V-sha|)e<i channel left lietween the two boxes, 
and overflows at H, any materiat the ultimate falling velocity of which 
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exceeds the upward velocity of the current in the second limb colL. dug 
in the apex of the box, whence it is drawn off as in the &e of the 
spitzkasten. Tlie effective depth of water in which the lull takes place 
being greater than in the spitzkasten, separation takes place more com¬ 
pletely in accordance with the laws of equal-falling particles. The 
arrangements for drawing off the classified particles from the apex of 
the box are the same as in the spitzkasten, and, as in the latter, a jet of 



Fig. 192. Wooden Siiitalutto. 
PIau, oltivutioii and nectiona 


clear water (“hydraulic” water) may also be introduced at the apex. 
This appliance will work on thicker pulp than the spitzkasten and 
is also capable of more thorough a^ustment, because in addition 
to varying the quantity and degree of dilution of the entering pulp 
and the quantity of clear water as in the spitzkasten, the width of the 
channel is also capable of regulation. A set of spitzlutten can there¬ 
fore be all of the same size, the difference in the fineness of the 

16 
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I'ig. 193. lr»ni S|4tzluttc. ^SoctiiHHil elovattmi and |M?rspect!ve. 
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clsudfied sands being produced by the varying positions ol^thc inner 
box. The spitalutte is perhaps more largely employed m miKlcm 
■practice than the spitskasten; a simple wooden form is shewn in 
Fig. 192, and an improved form as made by the Grusonwerk Company, 
is shewn in section and in perspective in Fig. 193, tlie entire plant being 
here made of iron. 



Single machines working on the principle of the spitslutte are used 
for the purpose of getting a classified material for further treatment 
Among these may be named the Colorado classifier described by 
H. E. Armitage’. It consists, as shewn in Fig. 194, of two inverted sheet 

' Tmnt. Amer. /ml. Min. £ng., “Concciitmti<in of Low Grade Ore,” by H. B. 
.Vmiitagc, Vol. xvnt 1887, p. 257. * 


16—2 
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iron coiioH suspended one inside the otlier. The pulp to be ctoified runs 
into the inner cone, whence it escapes through the perforations B near 
its afwx and meets an upward current of clear water from the pipq hh 'r 
the finer slimes are carried up between the coimand escape at ce’ into 
the circular trough EE' and theuce through the sjwut F. The coarser 
mineral falls inU) the hop|)cr A and is drawn off as retiuired through the 
valve <1. 

The Hancock’ clafslfier used at the M<)onta mines in Australia 
and others is very similar in construction and mode of action. It consists 
of an inverted cone H feet high and It feet in diameter at the top ; there 
is a vertical shaft in the centre making about 2(t revolutions per minute 
to which are kcyc<l [laddles !) inches wide, and of such a length as to 
leave a ;i inch clearance lietweeii them and the sides of the cone. At 
the apex of the cone a small stream of clear water under pressure is 
iiitriKluced. There is an outlet valve at the bottom and others are fixed 
uj) the side of the cone at intervals of (i to » inches ajairt, from which 
pulp of different degrees of fineness can l)e discharged as rctpiired. 
This machine will classify about 'M> cubic feet of ordinary pulp |)er 
minute. 

Another similar machine is the classifier used at the Frongoch mine, 
Oardiganshire’’. 

B. Ai’puances t-oR Final Treatment. 

These are generally ajtplied to coarser material than the previous 
group; the iwoducts may occasionally lie subjected to further treatment, 
but the object is not that of classifying mineral, as in the appliances 
just considered, into a numl)cr of classes, each of which is to be furthdf 
treated, but to BC|»rate the mass of mineral into two classes, one 
worthless, Jhe other valuable, one at least of which therefore requires 
no further treatment, the o|)eratiou being in this sense a final one. 
Among these machines may lie mentioned the Roliinson coal washer, 
the “syphon” washer of the Mecheniich mine, and the diamond washing 
pun. 

The Robinion coal waiher in general arrangement is very like 
the machines last described. It is shewn in F'ig. 195. It consists of a 
sheet iron cone placed ajicx downwards, in the axis of which revolves 

* Jirport on JLom of Ooid in the Urdurtion Auri/erous VeinHuJ' in 
Victoria, hy Hy KusiUes, p. ttl. < 

• Ore and Stone Mining, C. Iss Nove Foster, 4th odii. p. ,'>88. 



Fig.l9S. RobiMon cool washer, deration, vertical section, and plan. 
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a vertuij shaft carrying four arms, to which stirrers are attached The 
lower end of the cone is closed by double sliding doors w'orked by 
levers; the up|)cr door is open and the lower one closed when* the 
washer is at work. Round the lower j)art of tlifc cone is an annular 
pipe, i>erforate(i on the inside so that jets of water rise up from 
it all round into the cone. Tliis pijK; is fed from a water tank situated 
some 30 feet alwvc the level of the washer. The small coal (which has 
passeil through a screen of alsxit J inch mcsh)*is fed into a hopixir, from 
which it runs into the washer through a shoot with a sliding gate, by 
means of wliieh the rate of supply is regidated. Water from the high- 
level tank is run into the cone, and the small coal is carried round in 
the water which is kept in swirling motion by the revolving stirrer; 
it tends to sink, but is carried upwards by the ascending water currents 
from the annular pii)c, so that only jMirticlcs of heavier minerals (shale 
and pyrites) «vn sink down into the spsue toween the two sliding gates 
at the ls)tt.om of the cone. The coal makes about three-fourths of a 
complete revolution susiKUideil in the water, and is then discharged at 
the overflow over a fine screen, on which it is drained from most of the 
accomimnying water; the latter runs into a settling pit, whence it is 
pumiR-d uj) again by a pulsometer into the high level tank. The coal 
dro|)s into waggons and is sent to the coke ovens; the finer slimes 
are seimratcd out in the settling pits. When the space l)etwecn the 
two sliding gates is nearly filled with shale and pyrites a small car 
is wheeled into {M)sition lielow the cone, the upper gate is closed and 
the lower one opened, thus allowing the heavier minerals to drop into 
the car, by means of which they are wheeled away to the waste dump. 
The lower gate is again closed and the upper one oj)ened, and tin- 
operation continues as before. Ilie water circulates continuously, a 
sufficient amount being added to make up for loss. 

The general arrangement of a single-washer plant is shewn in 
Fig. KtO, in which 0 is the washer, the vertiad shaft of which is w'orked 
by the engine K. The dirt falls into the chamlier L at the bottom 
of the washer, and can be dn)pi)cd thence into the waggon M. The 
small coal is supplied from a storage hop[)er, and runs through the shoot 
E into the washer. The washed coal is dischargetl through the spout H, 
the bottom of which is finely perforated, into the hopper J, and thence as 
required into the waggon N. The water that drains from this washed 
coal collecte in tlie tank 7, whence the pulsometer F pumps it through 
the pipe 7) into the cisteni A, tvhich is fitted with an overflow pipe C, 
whilst the pipe B takes the water down to the washer. 




















Appliances aepenaing essentially on Vertical Fall ^47 

One man and one or two lads can attend to one of these machines, 
which can treat 150 to 200 tons per day. 

At the South Derwent colliery one of these washers treats 180 tons 
of small coal per day. The coal contains 10 to 11 per cent, of ash, 
which is reduced by washing to 4 to 6 per cent., the sulphur present 
being also diminished by J per cent. 

At the Barrow colliery, near Barnsley, a Robinson washer treats 
24 to 28 tons per hour ;*it takes out dirt equal to 8 to 10 per cent of 



the total weight of small coal treated. The cost of crushing and wash¬ 
ing is 2i«f. per ton, and it is said that “the coal being reduced to 
a uniform size, previous to washing, the Robinson machine gives fairly 
satisfactory results'.” 

A still simpler form of coal washer was that designed by M. Dor 
at Ampsin^, shewn in Fig. 197, which gave only moderate results, 

' The Min. Imt. Scotland, “Report of Committee on Co&l Cleaning,” Vol, xi. 
p. 162 

' Ann. dec Mina (Paris), “Preparation me^ique des minerais de Plomb, etc.,” by 
A. Henry, Ser. 6, Vol xix. 1871, p. 362. 
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and at the same time had but a small capacity, namely 4 tons in 
10 hours. 




Fig. 198. Mecliemicli syphon washer. Plan and sectional elevations. 


The so-called Sypbon-washer^ (Heberwasche), used at the lead 
mines of Mechemich, is shewn in Fig. 198, its principle depending, 

' Ann. det Minet (Paris), “IWparation micanique des minerais de Plomb, ete,” by 
A. Henry, Ser. 6, Vol xix. 1871, p. 364. 
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in spite of its name, in no wise on that of the syphon. As will be seen, 
these machines are worked in pairs, consisting of two quite identical 
machines. The crushed ore {Knotten-Sandgtein), consisting of sand¬ 
stone with small nodular concretions of galena, forming about 2^ per 
cent of the whole, is introduced in a current of water through the 
pipe a ; it falls in the cylindrical body and meets an ascending stream 
of hydraulic water, which is introduced through the pipe 6, and ascends 
through the meshes of tHe stout conical sieve D that forms the false 
bottom of the cylindrical body. The heavy particles of impure galena 
fall against the ascending current and accumulate in the lower chamber 
E, whence they are emptied out from time to time by depressing the 
lever P, which opens the lower plughole A, the upper plughole A' being 
at the same time closed to prevent the water escaping from the main 
body of the apparatus, and its regular working being thus interfered 
with. The overflow from the first machine passes through the spout c 
into the second, the action of which is identical; the overflow from the 
second through the spout c is ban-en sand and runs to waste. It is said 
that these machines could treat 1500 to 1600 tons of crushed ore in 
24 hours, with however a very heavy water consumption amounting to 
altout 2!t0 cubic feet of water per minute. 

This apparatus has been improved by Mr Osterspey, who has added 
a very ingenious arrangement for making the intermittent discharge 
automatic. The self-discharging “ syphon-washer ” is shew'n in Fig. 
199’; it is rectangular in plan and is made of boiler plate, being carried 
upon a pair of steel girders ; B is the main body of the appliance in which 
separation takes place, the crushed ore being brought in by a stream of 
ivater at G, and the overflow taking place at the opposite side. The 
hydraulic water enters the main body, as before, through the perforated 
conical bottom h, the large central opening in which is closed by a plug 
attached to a rod e. This rod is worked by a lever h, pivoted at i, the 
other end be uig carried by a rod f, attached to a float S ; the position 
of h on the rod/is ae^ustable. The hydraulic water enters through the 
pipe a into a rear chamber E communicating with B as shewn. The 
upper part of this chamber E is divided into a front closed portion m, 
into which the hydraulic water enters, whilst the back portion C is only 
closed by the float 8. 

The mode of action is as follows: the pulp of crushed ore enters the 
body B, where it meets the rising stream of water, which carries up the 
lighter portions that escape with the outflowing stream of water. The 
* Serg. u. Hiitt Zlg. 1886, p. 476. 
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heavier particles of ore sink and accumulate on the perforated bottom h. 
In proportion as they accumulate they choke the perforations in h, and 
thug bank back the hydraulic water in (7; the float 8 is thus lifted, and 
this in turn, by means of the combination of levers shewn in Fig. 199, 
lifts the plug, and allows the accumulated ore to escape through the 
pipe q into the trough r. The level of the water in C rapidly falls, the 
float 8 sinks with it and again presses the plug into the central 
aperture of b ; the first* condition of afl^irs is thus restored, and the 
operation goes on as before. These machines are arranged in series, 
usually of three. Each machine has an hourly capacity of 12 to 14 
tons of material crushed below J inch, with a water consumption equal 
to 26 cubic feet of water per minute. 

The Rotary Diamond Washer is used for washing the weathered 
blue ground of the Kimberley mines; the blue ground is washed by 
a stream of water into a trommel, about 2 to 3 feet in diameter and 
6 to 8 feet long, with wire gauze or perforated sheet iron mantle, the 
mesh being 1 to IJ inches. The oversize from the trommel, known as 
“ cylinder lumps,” is returned for further weathering; the pulp passes 
to the Rotary washing machine, shewn in Fig. 200. This consists 
of an annular pan, the outer diameter of which is 12 to 18 feet 
and the inner diameter about 6 to 10 feet, the width of the annular 
pan being thus 3 to 4 feet The outer rim is 12 to 24 Inches 
high, the inner rim 6 to 8 inches. The centre of the open inner 
space is occupied by a vertical shaft carrying 10 radial arms, each 
of which is fitted with 6 to 7 knives or teeth, set vertically down- 
awards, their points coming within about | inch of the bottom of 
the pan; they are arranged in a spiral so that when the shaft is 
rotated (at about 10 revolutions per minute) the teeth tend to carry 
everything towards the outer circumference of the paa The pulp 
enters the pan through a slot in the outer rim and escapes over a 
depression in the inner rim; usually the escaping pulp flows into 
a second similar machine, and thence into the tailings pit The tailings 
are raised by elevators of various kinds to the top of heaps some 30 feet 
high, where the semi-solid mud is deposited, whilst the muddy water, 
screened off from it, runs back to the trommels. The heavier portion 
of the mineral contents, including the diamonds, remains on the bottom 
of the pan, whence it is removed every day for further treatment 
Each such machine treats about 300 tops of blue ground in the 10 hour 
shift, the concentrated mineral amounting to about 3 tons. A plant. 

















Rotary diamond washer. Plan, elevation and section. 


consisting trommel,|tW(t'pans 
and an elevator, takes about 
an 8 Nom. H.P. engine (say 
24 I.H.P.) to work it 

This washing machine is 
thus a separator of the ordinary 
type, the most noteworthy 
point about it being the use 
of thiek muddy water instead 
of clear. It has to effeet the 
separation of minerals not 
differing greatly from each 
other in specific gravity, and 
it has already been shewn how 
small differences of density 
ean be accentuated by the use 
of fluids of higher specific 
gravity than water; the finely 
divided mud suspended in 
water practically acts as a 
fluid of increased specific 
gravity, and thus promotes the 
separation of minerals which 
could only be efiected with 
difficulty in clear water. 

Tlie tossing kieve or dolly- 
tub is an appliance that should 
be classed here; the former is 
the name given to it in Corn- 
^ wall, the latter in the north of 
England and Walea It is 
used for cleaning the concen¬ 
trates produced by the buddies 
(see pp. 293 to 299) in the treat¬ 
ment of both tin and lead ores. 
In its simplest form it consists 
of a stout tub, usually about 
3 feet high and 3 feet in 
diameter, strongly hooped with 
« iron. The tub being about 
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three- 4 >«...~.j full’'of water, one man shovels in gradually the “heads” 
to be cleaned, whilst another keeps the contents in circular motion 
by stirring with a long-handled shovel. When the tub is about half Ml 
of mineral, the first man strikes a succession of blows upon the side 
of the tub, usually by means of a heavy bar of iron, the lower end 
of which rests on the ground. As soon as this tapping commences the 



, Fig. 201. Mechanical dolly-tub. Plan, vertical section and elevation. 


other workman leaves off stirring and withdraws his shovel, the tapping 
being steadily continued. Under this jarring action the material settles 
rapidly, the clean heavy mineral at the bottom, with a layer of the 
lighter sands on top. The upper layers are scraped off with a suitable 
scraper, a trowel being often used, and the concentrated mineral in the 
bottom of the tub can then be shovelled out. 

In Cornwall the first nortioi of the above operation is known as 
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“tossing,” and the second as “packing”; when performed, as it some¬ 
times is, with a tub lying at an angle and not standing upright, the 
operation is called “chimming.” 

Mechanical dolly-tubs are at times used in which the stirring or the 
packing or both are performed by machinery. A good form is shewn in 
Fig. 201', as used in California. It consists of a tub, 2 feet 6 inches deep, 
3 feet in diameter at the bottom and 4 feet at the top. Up the centre 
runs a 3 inch cast iron pjpe, within which revolves a vertical spindle 
driven by bevil spur gearing as shewn; to the top a yoke can be keyed 
carrying stirrers; this can easily be disconnected and hoisted out of the 
tub when the period of packing commences. Two trip hammers are 
made to act upon opposite sides of the tub, being caused to strike a 
sharp blow by means of the weights attached to the horizontal arms 
of the bell-crank levers, tlie vertical arms of which carry the hammer 
heads. The hammers arc tripped by means of two pins set in the face 
of one of the spur wheels. During the period of stirring, wedges are 
pushed in between the shafts of the hammers and the sides of the tub, 
whicli lift the ends of the levers elear of the pins. The shaft is made to 
revolve 48 times per minute. There are several modifications of this 
arrangement in use, but dolly-tubs are now but little used. 


Engineering, April 22iid, 1S81, p. 404. 



CHAPTER VII. 


JIGS. 

In the appliances classed as Jigs', particles of mineral are subjected 
to alternately ascending and descending vertical currents of water, each 
acting for a very brief period; in practice intervals of rest generally 
occur between successive impulses, but this fact in no wise affects the 
mode of action of the apparatus. Assuming two equal-falling particles 
of different specific gravities to be placed upon a screen, the mesh of the 
latter being smaller than the diameter of the particles, and, further, 
allowing these particles to be subjected to an upward moving current 
of water, the velocity of which is superior to the ultimate falling velocity 
of the particles, it is evident that both particles will be lifted. It has 
already been shewn (p. 223) that under these conditions both particles 
will ultimately attain the same ascending velocity, but that at the outset 
the specifically lighter of the two particles will be lifted the faster. If 
the current is interrupted and reversed before the regime of equal 
velocity is established, the former particle will be above the latter. If 
these same two particles are submitted to a descending current, the 
specifically heavier particle will commence to fall the more rapidly, 
hence the action of the descending water current will reinforce that of 
the ascending current, provided that the action of each is continued for 
only a brief period of time. If instead of only two particles a large 
number of particles of both kinds were placed upon the screen and 
submitted to similar water currents, the final result would obviously be 
to produce two layers, a lower layer of the specifically heavier and an 
upper layer of the specifically lighter particles. This action would be 
further intensified by the fact that the heavier particles, being the 
smaller of the two, can slip through interstices bftween the particles 
through which the specifically lighter could not pa*, and are thus able 

to descend with greater ease and so to reach the bottom, even more 

* 

' In the North of Sngland Jigs are sometimes called botching machines; Jigs used 
for washing coal are often caJled bashA 
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rapidly than is due to their higher Ming velocities. These considerations 
explain the weU-known feet that in practice it is easy to separate equal¬ 
falling particles by jigging, and that successful jigging can be done on 
particles of different sizes when the proportion of the largest to the 
smallest exceeds greatly the sieve ratio that would be deduced from 
the laws of equal-falling (see p. 220), and affords a typical example of 
the effects due to hindered falling. If the diameter of the prticles be 
less than the mesh of the sieve, the particles will be able to pass through 
It, and if the action were continued long enough, all the particles might 
pass through it, unless the alternations of the currents were too rapid to 
admit of the lighter particles ever reaching the surface of the sieve. In 
any case it would be possible to stop the operation after the heavier 
particles had passed through, and if the surface of the sieve were 
covered by a layer of particles too large to pass through the meshes 
of the sieve, this effect would be accentuated, and it would obviously 
be easy so to arrange matters that all the heavier particles could pass 
through this layer of larger particles (known in practice as the “bed”) 
and all the lighter particles remain above it This method of jigging 
with a sieve of larger nie.sh than the diameter of the particles has some- 
fames been called the English system of jigging, and sometimes the 
Harz system. Tlie two methods may be distinguished by the respective 
phrases “jigging through the sieve" and “jigging over the sieva” The 
former method is usually applied to finer material, the latter to coarser 
so much so that the German terms for jigs working on the respective 
principtes correspond to “sand jigs” and “coaree giain jigs.” The limit 
or Jigging through the sieve is in some cases, however, as high as | inch 
If the appliance be so arranged that a series of particles stream across 
such a screening surface, and are during their passage submitted to a 
JWiig Mtion, It is possible to so proportion the conditions that the 
^riod of flow across is just sufficient to allow the heavy material to pass 
through the sieve, whilst the lighter ones would simply flow over it. 

The alternating water currents may be produced in two ways 
either by moving a sieve up and down in a tank of water or by 
having a sieve fixed in a tank, the wafer being caused to rise and 
fall by means of the reciprocating action of a piston or by some 
similar device. The former was the older method and continued in use 
or centuries, until the fixed sieve jig was introduced in Cornwall by 
Captain Pethenck about the year 1830>. The tank in which the sieve 
18 placed IS known as the “huteh,” and apy mineral that accumulates in 

' Tram. Imt, C. S. Vol. xxx. 1869-70, p. 125. 
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it u citlled “hutcliwork." Either the fixed or the movable sieve may be 
employed by jigginj? either through or over the sieve. Tlie mineral to be 
ji@(cd is usually brought on to the screen sus[)ended in water, so ^ to 
form a pulp; in addition hydraulic water is usually supplied cither over 
the sieve or into the hutch; in the former case the downward action 
of the water current, or the action of suction, as it is termed by 
Prof. Hichards, in the latter case the upward action (Prof. Richards’ 
pulsion) is usually intensified. In the hitter case the particles of mineral 
on the sieve are kept in a looser condition, or arc livelier, and more 
reiulily acted uisin by the water currents. These water currents also 
play in many cases an im|K)rtant part in transisirting tlic jiarticles of 
the lighter mineral (more rarely the heavier) horizontally over the sieve 
and thus laiirying them out of the jig, and, as already shewn, the rate of 
flow of such a current detennines the time during which the mineral is 
exposed to the jigging action, and thus can k' made to modify the 
results prisiuced by any given jig. 

A notable improvement was made by M. Rerard akiut lli.'iO, in jigs 
used for washing ciail, by fitting the sieves with movable gales, s4 that 
waste and concentrates can Iw coutinnously discharged in any diiircd 
proiKirtious. In coal wasliing it will lie noted that the lighter portion, 
usually s|siken of as the waste when ores are jigged, is really the valu¬ 
able isirtion, namely, the clean coal, whilst the heavier concentrates 
constitute the useless dirt, shale and pyrites, which it is desired to get 
rid of. A still greater improvement coiusisted of combining several 
individual jigs into one comismnd jig, two-, three-, four-, and five- 
eoin|>artment jigs king used, though the first and last are rare. These 
jigs art! so arranged that the whole of the waste from the first jig passes 
on to the second, the waste from the second on to the third, and so on 
until the clean waste is discharged from the last jig. The first jig takes 
out the heaviest concentrates, cither through the sieve or over it from 
a suitably arrangeil discharge. The conccutrate made by each individual 
jig is always tlic heaviest lairtioii of the pulp supplied to it, so that a 
scries of concentrates of gradually decreasing specific gravity can be 
preduced. A comiKiund jig (with fixed sieves) thus arranged is often 
s|Miken of as a Hart'jig, owing to its having lieen first introduced in 
('lausthaL 

' Itirhuds in lii* Oiy Dnuing (Vol. i. p *07) rcutricU the term Hiire jig to 
)>iston jig# #8 hm* Ucscribod, in which “ # plunger roooivo# it# up and down motion from 
an oecontric rerolring at n nnlfonn rate,” and #tat« tliat thi# i# tho definition commonly 
ncc«]>ted in the United Statai of America. 
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It will be noticed that the conditions of jigging can be varied through 
a very wide range, and that these appliances can accordingly he acijusted 
with very great delicacy. 

The following conditions all influence the mode of action of a jig; 

1. The (|uantity of material treated, its density, ite size, and the 
ratio Ixitween the dimensions of tlie largest and smallest particles (Le. 
the sieve-scale according to which it has t)cen sized). 

± The water supply, tK)th as regards the pro|)ortion of water in 
the pulp, and tlie amount of hydraulic water, and tlie isuiit of its 
introduction. 

:i. 'Idle rate of the oscillations of tlie water current and the ampli¬ 
tude of siicli oscillations; also the mode in which these oscillntions are 
produced, whether with a fixed or a movable sieve. 

4. The relative 3|)ccds of tlie upwards and downwards currents in 
each oscillation. 

Whether jigging is jicrformed over the sieve or through the 
sieve: in the latter case, the depth of the lied, and the nature and 
size of tlie jiarticles comjKising it 

Both the s])ced of the oscillations and their amjilitiidc may be varied 
within wide limits in the first place, and in the second jilace their character 
may lie altered, inasmuch as the upward and downward movement may 
Isith lie jierfonned at the same rate of speed, or one—usually the up¬ 
ward movement—may lie made the more rapid of the two, thus making 
the perioil of suction longer than that of pulsion. According to Prof. 
Kiehards’ suction is more efficient than pulsion in jigging unsized 
material, whilst pulsion is more efficient than suction in treating closely 
sized products. According to G. G. Bring* the ascending current is the 
more cftective in coarse-grain jigs, and the descending in fine-sand jigs; 
he holds that the lied in the latter class acts as a series of narrow 
channels in which the ascending and descending currents move. Tlie 
vast majority of jigs in ordinary use employ a uniform velocity for 
both upward and downward impulses. Tlie finer the material that is being 
jigged, the shorter and the more rapid must the alteniations of current 
be, for the obvious reason that the finer the particles the sooner is the 
equal-falling regime attained. The following table of these data is com¬ 
piled from Linkenbach’s well-known work; it applies especially to the 
treatment of lead and zinc ores in a gangue of quartz and schist, but 
may fairly lie taken as generally applicable; it refers, as will be seen, 
to jigging over the sieva 

■ Ore Drating, Vol 1 p. ail. 

' Jem-KoiUorelt Annaler, “ Experimentdls jtadier 6fyer »lttmMkinoi» vorknmg- 
sStt,’ by Gust G. Bring, 1906, p S21. 
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• Tiiese data apply to a compound jig comprising three Bieves; the capacity and water consumption of a single jig will be 
about the same as tliose giren above, because the same pulp flows successively over each of the three sieves (8c»e p. 258), but the 
bor»e*power required for a single jig will only be onc-third to one-lialf of the figure given in the table. 
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The following table shews the proportions recommended by Mr 
Thomas Sopwith' on very similar ores, but representing considerably 
older practice; 


Diameter of 
particles 

1 Number of 

1 OBcillatioDB 
per mioate 

1 Depth of 
i osoillations 

Quantity 
treated per 

1(1 hour shift 1 

iDohes 

» 

inches 

! uwtfl. : 

0-4 -(V28 

% 


244 

0-28-0-2 i 

86 

2 

220 

0-2 -O-l i 

84 

IS 

112 

()'l -O'Oe ‘ 

82 

1 

71 


Conimans^ lias given a table, Imsed apimraitly on that of Linkenliach, 
as follows: 


Size of 
particles 

Length of 
stroke 

Number of 
strokes per 
minute 

inches 

inches 


1-18-1-77 

8-15~8-94 

100-110 

0-79--1-lH 

2-86-8-16 

110-120 

0’r)l-0-79 

1-97-2-86 

110-120 

(KU-0-61 

l-S? -1-97 

110-120 

0-20--0-81 

M8-1-57 

120-140 

0-12-0-20 

0-79—MH 

120-140 

0-()8-()-12 

()-59_0-79 

140-180 

0-06-0-08 

0'89-0-.'39 

140-180 


He states that in jigging over the sieve, the mesh for the finer sizes 
slionld be a size or two smaller than that of the particles, and for sizes 
alsive ()•.■? inch, the sieve holes may lie half the diameter of the particles. 
He gives the power required for a three-compartment jig treating the 
finer si/jis as I ap. and coarser sizes 1^ H.P., and the water consumption 
for such a jig as about ;t(» to 40 gallons per minute; he states that the 
eaiiacity of an ordinary jig with sieve 2 feet 6 inches to 3 feet long and 
IK to 20 inches wide is: 

20 —80 cwt. for sizes between 0’51 and 0*79 inch diameter 
15-20 „ „ 0-12 „ 051 

10-15 „ 006 „ 0-12 

■ Proc. hut. C. £., “The Dreasiug of Lead Orea,” bj Tiinmas Kopirith, junior, 
Vol. XXX. p. 106. 

' Proc. hut. C. E. 1893-4, Vol cxTi, 
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Prof. KichardH' gives elaborate tables which shew that the s|)ecd of 
jigs in America considerably exceeds the figures given above. Tlie 
following table is compiled from his data: 


Diameter of 
particleH 

Average 
number of 
oKcillatioriH 
{ler niinuto 

Average 
depth of 
oscillation 

ineliofi 


Inches 

2-r> ■ 

129 

2-6 

~ 0-(W 

181 

2-0 

O’OS -(V8l 

144 

1-4 

(Htl O-Di ■ 

176 

()-9 

0*(W 

m 

o-.w 

()•()« -0-04 


(I•4H 

lii'low 0‘04 , 

2H1 

(119 


The fidlowing table shews the practice of H. Ferraris* at Montcponi, 
Sardiina 


Diameter of 
IwrticleH 

Number 
of osoil- 
lations 
per 

niiuuU' 

Length of 
piston stroke 

Horse¬ 

power 

required 

Quantity 
treated per 
10 hour 
shift 

Mesh of 
sieve 

Clear¬ 
water con- 1 
sumption ^ 
per minute' 

inches 


inches 


tons 

inches 

gallons 

0-8 -1-2 

100 

l*6-2-0 

l-2.'i 

r> 

0-4 

8-1 

0'6r>-0'8 

no 

l-4-l’8 

M 

4-5 

0*82 

22 

0-4 -()-55 

120 

1-2- 1-6 

1-0 

4 

0*24 

16-5 

0-28~0-4 

125 

0-8-1-4 

1’5 

}J 

0-4 

11 

(1-2 -0-28 

IHO 

O-H-1-2 

1-5 

8 

0'82 

10 : 

fl-14--0-2 

150 

0-6- 0-9 

1-5 

8 

0-24 

H’75 

0’08-(VJ4 

180 

0-0-0-8 

IT) 

8 

o-:8 

8-75 , 


The first three jigs in this table are two-compartment jigs, each 
sieve being 18 by .10 inches; the other four are five-compartment jigs, 
eacli sieve being 18 by 20 inches; the former work over the sieve, tJie 
latter tlirongh the sieve, the ted consisting of iron discs (the waste from 
punching machines), the diameter of which is about 50 per cent greater 
than that of the holes in the sieves. The ores treated are lead and zinc 
ores. 

Modem jigging practice is feirly represented by the diagram, 
Fig. 202, which represents the author’s average practice, and may bo 
taken as generally applicable, and from which the data required may be 
readily scaled off 


* Ort I>re*nngy\o\. i. pp. 593 - 595. 

’ TVvim. Amer. In$t. Min. Eng. 1908, p. 363. 
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Jigs may be used on material ranging in size from 3 inches doani to 
Otll inch. 

\VTien jigging through the sieve, the mesli of the sieve must, of 
course, be considerably greater than the diameter of the particles that 
have to pass through it; the material of which the bed is composed, its 
speeific gravity, and the size of the particles, as also the depth of bed, 
arc very important The material must evidently not be too soft or it 



Fig. Wtl. Diagram of jigging practice. 

will suffer from abrasion; it must be considerably heavier than the waste 
to effect a good separation, and is often of the same material as the 
concentrates, as then anything abraded off it goes into the hntchwork 
and does no harm. Thus in dressing galena the same mineral is often 
used for the bed; iron pyrite is often used for a bed; lead shot, iron 
punchings, and cast iron shot have also been used All these answer 
well, but metallic iron is apt to rust when the jigs are idle, especially 
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when wlpburetted oree are Iieing dreaecd In jigging fine coal through 
the sieve a bed of cleaved pieces of felspar is almost always used; this is 
fairly hard and of a suitable specific gravity, as being consideijibly 
hi»vicr than clean coal, but its special advantage lies in the shape of the 
fragments, Feisjiar cleaves into pieces of the cross-section shewn at 
iilicd, Fig, 203, in which XY represents the sieve surface upon 
which the piece of felspar is lying. Under the infiucnce of ascending 
water currents, indicated by the arrows, the piece of felspar will tend to 
turn almut the edge a into the position indicated by the dotted lines 
tthW, and when the current is reversed, it will tend to drop back into 
its original position. These pieces of felspar thus act like valves, alter¬ 
nately ojicning to the ascending water cunont and closing when the 
current descends; they thus allow pieces of shale, pyrites, etc. to drop 
through, but prevent any coal finding its way through the sieve. The 


c;_ ^d-' 
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pieces of felspar range from J inch to 1 ^ inches in length, and must have 
an area almut fin jier cent greater than the mesh of the screen upon 
which they rest The pieces of felspar can lie kept in use until the 
edges get rounded off by abrasion, when they must lie replaced. The 
larger pieces can lie broken down to a smaller size, but when the 
smallest size is worn round it must be thrown away. The life of a 
felspar bed under ordinary circumstances may be averaged at about 
six weeks; the best felspar for this purpose is obtained from Norway. 

The hand-jig is the original type of jigging machine; in its simplest 
form, as a sieve jerked up and down in a tub of water, it was in use 
as far back as the 16th century as shewn by the (juaint wood-cut, 
reiirodnced from the well-known work of Agricola, which fonns the 
frontispiece to this bernk. Tlie lever-worked liand-jig is still in use 
to some extent, a modem form being sliewn m Fig. 204*, whilst the 

* Proe. IiHl. Jto. Enf. ISTS, PI 67. 




mode of using the appliance is clearly shewn in Fig. 205The sieve, 
which is rectangular and usually about 3 feet 6 inches to 4 feet long 
by 1 foot 6 inches to 2 feet wide, and 9 inches to 12 inches deep, is 
suspended in a wooden hutch from a lever or “break-staff”; this is 
put in motion by means of a longer lover, the connection between the 
two being made by means of a stout iron pin which passes through a 
slot in the break-staff, and has a collar attached above and below the 
latter, the space betweey the two collars being several inches greater 
than the depth of the break-staff. Tliis arrangement causes the sieve 



Fig. 204. Ilaiid jig. Flan and vertical section. 


to be lowered into the hutch quite smoothly, but lifted with a sharp 
jerk '(hen it commences to rise, and gives an interval of rest between 
successive strokea The hutch is kept filled with water; it usually 
receives a small stream of water from a tap, and an oveitlow is arranged, 
so that the level of water remains constant. Care should be taken 
that the overflow is led into a settling tank or slime pit, as it usually 
carries fine mineral matter in suspension. The sieve is usually made 
of stout wire gauze supported upon a grid of iron bars running 
across the box, parallel with its shorter side, to stiffen and support 
the wire gauze; the mesh is usually i to J inch, but rarely exceeds 
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I inch. The labourer (now usually a lad) shovels the cnished ore 
to be treated into the sieve to a depth of about 6*or 8 inches, 
and then works the sieve up and down in the water by means of 
the long lever. For coarser material the operation of jigging is 
complete in ^ to 2 minutes, for finer in 2 to 4 minutes, the speed 
in the former case being about 60 strokes and in the latter about 
120 strokes per minute. The end of the lever is then kept up, usually 
by setting a prop under the end, at such height as to keep the sieve out 
of the water. The upper layer is then scraimd off by means of a 
triangular ])icce of sheet iron or a short-handled boo and thrown aside 
as waste. More ore is then thrown in and the process repeated until 
the worker judges that a sufficient quantity of concentrate has 



Fig. MW. ItimJjig. i’creiKctive. 


accumulated upon the sieve. After throwing out the top layer of 
waste, he then removes the next layer of middlings and puts it aside 
for re-treatment, and finally scraiies out the lower layer of concentrates. 
The hutehwork that accumulates, due either to imperfect sizing or 
to aluBsion on tlie jig, is emptied out from time to time, usually once 
a week. It is generally clean enough to be classed as concentrates. 
The aver^ capacity of such a jig may be taken at about 5 ewt per 
hour per square foot of screen surface. One man or lad is required to 
each machine, so that the working cost is high, although the first cost is 
low. Such hand-jigs are now only used in dressing the ore from very 
small mines, in prospecting operations, or in cleaning up odd parcels 
at larger works; tiiey have almost gone out of use for other 
purpose. 
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In Germany, hand-jigs are also made by suspending a sieve in 
a hutch from an elastic spring-pole, the worker taking hold of the 
bar or rope by which the sieve is hung to work it up and down; 
the sieve and hutch are then often circular in plan. The jigging action 
thus produced is probably not so well adapted to its purpose as that 
obtained by means of the break-staff; but it is not such hard work for 
the labourer. In Germany, the method of jigging through the sieve is 
employed at times with Ijand sieves. 

Movable sieves are at times worked by power instead of by hand; 
in most of these the concentrate is jigged through the sieve, whilst 



the PulingF are discharged over the sieve, Le. over a gate suitably 
placed, a stream of water being employed to keep the latter in 
motion. 

A very efficient machine of this type is the machine shewn in 
Figs. 206 to 208, as designed by 0. Biiharz‘; a single jig is shewn 
in Rg. 206, and a group of four units in Fig. 207. Each unit 
consists of a pyramidal iron hutch in the prismatic upper part of which 
works a sieve, which, as shewn in the plan, Fig. 207, tapers gradually 

* Oetl. Zeittckf. Berg, it HiUtm-Wam^''\5eher Femkom- and Schlsmni- Aiif- 
bereitung, etc,” by 0. Bilhara, 1890, p. 213. 
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from the feed to the ditcharRC end. The sieve is suspended by two 
bows from a yoke driven by an eccentric on a short overhead shaft, 
the iipijcr ends of the liows being prolonged in the form of inverted 
Y's, the tail pieces of which form guides which constrain the sieve 
to move vertically up and down. The sieve is [sicked externally with 
leather like a pistoti, so that no water can escape between it and the 
sides of tlie hutch. Mi sieve is funiishcd with a gate and discharge 
shoot, by means of which the overflow fron^ each sieve is conveyed 
to the next (or in the case of the last sieve of the scries is allowed 




Fig. etc. (ln.u|t of Itilliiir/ jijfs I'lali and Novation, 


to run to waste). The sieves carry a suitable lied, the machine licing* 
intended for jigging through the sieve, 'flic concentrates accumulate 
in the pyramidal iron hutehi-s; each hutch is dividinl into two by a 
transvenw' {lartition, so that if desired two tpialities of hutchwork may 
be drawn off. Tlie discharge for the hutch work is continuous and 
consists of a bent up iron pi|)e, so that but little water is delivered with 
the concentrates. The machine makes 220 strokes per minute, inch 
in height Tins arrangement presents the advantage of ready portability, 
each unit being comfdetc in itself, and it is easy to add or take 
away units as required. Tiiis machine is made by the Grusonwerk 
Company of Magdeburg, a perspective view of whose three-compartment 
jig is shewn in Fig. 208. Each section of this jig weighs 815 lbs. 
and costs about £30. * 
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A two-compartment Felspar Washer for small coal with moroble 
sieve is shewn in Fig. 209, as built by Messrs Sheppard & Sons, Ltd. As 
will, be seen, its principle is piiictically identical with the machines last 
described, but it differs in matters of detail. Tlie sieves are snsiwnded 
from either end of a rocking lever and thus balance each other. Tlie 
hutches are of cast iron and arc funiished with screw conveyors lying 
in the semicircular bottom, by which the refuse is continually removed; 
the washed coal cscajics pt tlie outlet This machine working at IttU to 



Ki|{. 20S. Group of Uilliarz Jigs. l’et»|)(!ctivc. 


190 one-(|uartcr-inch strokes ])er minute, and using a felspar bed 4 to 
6 ill' lies deep, washes about 2^ to 3 tuns [ler hour of fine coal, which has 
previously irassed through a trommel with jj inch mesh. 

The Schraiut Jig, specialty intended for treating very fine ore or 
slimes, has an exceptionally long sieve; it is said to give satisfactory 
results. 

A still larger machine is Hancock’s patsat jigger', used at 
the Moonta Copper Mines, South Australia, and some few other 
Australian Mines. A view of this machine is shewn in Fig. 210. 

' Rqml on tie Lon rtf Oold in til Redman of Avrifmom V^i)at^f in Fieloria, 
hj H. Rotales, ISM, p. SO. 




Fi(.Sia llmouckj!;. BMo denitiwi. 













The sieve w 20 feet in length by 3 feet 2 inches wide, and it 
IS suspended in a hutch about 6 feet deep which is divided by tmns- 
yew partitions into 6 or 7 compartments; the crushed cornier ore 
-s delivered on to the head of the sieve and is jigged through the 
were the bed consisting of hard haematite. The cleanest ore collects 
»> the first compartment, and progressively poorer material in the 




Fig. 211. Pillian circular jig. elevation and vertical aection. 


following oiiea Waste is discharged at the end, where coarse middlings 
also discharged over the sieve, and go into a sepamte receiver. 
Jhe sieve has a combined up and down and forward motion, so that 
the waste can be moved along it with the use of comparatively little 
water: the threw is about f inch. The capacity of such a jig is about 
4 tons of crushed ore per hour. It has been tried also in America, but 
Hoes not seem to have met with much kvour there. 
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The BUhan' circnlar Jig is shewn in Fig. 211, in plan, elevation and 
vertical section; it consists of an annnlar sieve working in a conical 
hutch, the centre of which is occupied by a tube through which ,thc 
waste flows off. The weight of the sieve is balanced by a weight 
suspended in the central tube. The hutch which is thus also annular 



in plan is divided radially into six comirartments, the sieve being 
divided into a corresponding number of suctinna The feed is round 
the outer circumference, jigging takes place through the bed, and the 
tailings flow out through the central tube; the machine does not make 
middlings. The sieve nwkes 2«) to 220 strokes 0-2 inch high per 

* Osiifly. Zfitteh,/. B. u. /l.-H'.,^Ueber Ketakoro- a. Schlsinm- AufbeSeituug, 
etc,” by 0. Biltwn, IStKI, p. 2ia 
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minute. Such a inuchiiie can treat about 12 tona of finely cruHlied ore. 
the corrcsponiling volume of pulp amounting to KMH) eubie feet irt hour, 
producing about 12 |)erccnt of concentrates. 

A very similar machine is the Conkling jig' used for concentnd.ing 
magnetite at Uhatcaugay, N. Y., shewn in ifian and vertical section in 
Fig. 212. It consists of an annular sieve about 4 feet in diameter, working 
in a circular Unk ; the sieve is given an up and down motion by means of 
the long wooden lever actuated by a cam wheel, whilst the sieve is at 
the same time caused to’revolve slowly around its a.vis by the Iwvcl 
gearing shewn, 'fhe sieve is made of cast iron plates j inch thick, 
the holes being conical, inch in diameter above, and ineb at the 
lower face: jigging takes place through the screen, a Imd of ore of nnt 
size k'ing \ised. Hydraulic watiw entei's the hutch lielow the sieve. 
The ore crushed to } iiudi mesh is brought on to the sieve ; the tailings 
escaiR through a cenlial pi|H;, and the concentrates m'cumulate in the 
hutch whence they aie removed by bucket elevators. The sieve makes 
2(in 3-inch strokes, having a slow up and la ipiick down motion ; it 
makes also 7 revedutions |R‘r minute. The capiu'ity of the iTiachine 
is o tons |KT hour, and the watw' consumption Id.'i g.dlons per 
minute. 

Neither of tln^c circular jigs has come into extensive use. 

Jigs with fixed sieves constitute by far the most generally adopted 
form, so much so that when the term jig is used withmit sirecial 
(ptalificathi.i, this type is always meant. The motion of the water is 
produced in various ways, but in the great majority of instaiutes by the 
roci[)rocation of a piston in a com|Birtnient placed by tbe side of that 
(sirrving the sieve, so that the general construction is that indi(»tcd in the 
(fiagram. Fig, -1:1, which shews a generalised vertical section ; AUdDEw 
the hutch, the upimr |s)rtion of which is prismatic, the lower jnirt Iteing 
either prismatic, semicylindrical or pyramidal. The hutch is divided 
longitudinally nto two com[»irtments by the division HI, which only 
extends [Kirt-way down so as to leave an ample space for communication 
between the two comirartments lielow the division HI. In the liack 
comiiartment, which is sometimes the smaller, but also often of 
the same size as the other, works the piston KL attached to a 
piston rod which in turn is connected to suitable driving mechanism. 
Tile motion is usually produced by an eccentric, a double-disc 
eccentric, by means of which the length of throw can be varied, 

' Anutr. hut. Min. Eng.., wiUi the Coitkling Jig,” by 

F, H. liuttmann, Vol, xvl 1888, \t. 609. * 


L. 
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bciiiK (iftfii u«c(i; HoinctiineH a crank and link arc used, this being a 
well-known mechanical cnnihination tor giving a slow upward and 
4 |uick downward motion. Several other methods oi actuating the piston 
are used, hut are rare. The front couii«irtincnt contains the sieve FG. 
The tailings or lighter portions of the jigged material (waste in the ca.se 
<pf ore, clean coal in the case of coal) escaia' over the weir or gate nb, 
the height of which alspve the sieve is UMiially adjustable, anil in some 
casiis the width also. The weir may Itc cither at the side or at the 
front of the hiitcii, ladiig always at the side*op|Hisite to that at which 
the fnalerial is fed on to the sievi-. The sieve may e.vceptionally slojpe 
slightly from the fccil side towards tlie di.scharge weir, but ouly when 
very coai'se stufl' is ladng jigged, and never in jigging through the .sieve. 



When this methisl of working is adopted, the I'oncenti’ates accumulate 
in the hutch and a gate, as at ;/, is provided from which they can la; 
dniwn otf intermittently or continuously. In jigging over the sieve 
there must also Iw a similar giite, as a eerpnn amount of hutchwort 
always forms and has to 1 k' removed from time to time. With the 
latter svstem of jigging, the eoneeninttes may either be discharged 
through a gate alaive the sieve, as at r<l, the height and width of which 
are i«yustable. or else a piim is provided as indicated by the dotted 
lines e, which o|R'ns frmu the centre of the sieve, and through which 
Uie coucentrates an' drawn off continuously or intermittently. Several 
different fonns of discharge are in use, some la'ing arrangeil for taking 
off several different pnalucts at different levels almvc tlie sieve. It 
seems to make very little, if any differeiKc, at what |xiint on the sieve 
the concentrates are drawn off, as they move very freely over its surface, 
being in the state of quicksand or acting almost like a liquid. A water 
supply, sufficient to maike up' the loss of water discharged with the 



various products, has to be provided; a very usual jaaiitioii for it is 
indicated at h ; it is sometimes providisi with valves oimninjf inwards 
into the liutcli. 

Wlicn these jijes are arraiiKcd as multiple-comimrtment jigs, each 
sieve is placed at a slightly lower level than that of tlie preceding one, 
and the discliarge weir of each sieve Incomes tlie feed slioot of tlic 
next, each com|>artment taking out one particular grade of con¬ 
centrate. as slicwn e.g. ift Fig. '217. 

llutclies may lie made eitlier <if wwkI, bIkhiI iron or east iron. 
The funnel' is liglit, elieap. easy to eri-et, lint lialile to decay ; wrought 
iron is strong and dunilile except in treating ores containing easily 
deeomposahle sulphides. Cast iron makes a strong hut very lieavy 
hutch. Woislen hutelies liave either straiglit sides, or else' tlie lower ]»irt 
is heinisplierieal. la'iiig built of l»irrel-like .spives, held together by iron 
str,i|)s furnished with tighfeniiig Isilts. Wrought iron hutelies in the 
same way may have either stinight sides or Im rounded lichiw. (list 
iron hutelies are usually pyniniidal. The pyramidal sha|a' is esiaicially 
conveiiieiil in Jigging through the k'd, as the hiitchwork is readily 
drawn off from the a|icx of the ]iyrainid. .Sieves are made either of 
wire giiu/.e or of pnnehed plates, the former Imiiig liest suited for the 
finer, the latter for the coarser sizes. Hiuss wire may he used for the 
finest sizes, otherwise steel wire is prcferalile except for ores that carry 
easily .ai-oinposalile sulphides, which when standing would yield 
snflieient sulphuric acid to corrode the iron ; under the same circiim- 
stanees, sheet eopia'r may la' used instead of steel platea 'Hie sieves 
mihst k' si'ciired to a woialen or iron frame; to prevent their king 
linekled or .nirst by the weight iitani them they must k' siipisii'ted 
by a grid of woisleii or iron liars; these bars arc lasst V-shaiaid in cross- 
section. so as to opiKisc the minimum of resistance to the flow of the 
water Very fine wire sieves may also with mlvantage ki supported 
u|ion a strong sieve of coarser mesh. The size of the sieves varies from 
2 to .'tj feet by 1^ to 2^ feet for ore, up to alsiut .5 feet by If feet for 
coal; they arc usually placed 1 foot to li feet klow the top of the 
hutch. The upper |Kirtioii of the hutch akive tlie sieve should k lined 
with hoards J inch to 1 inch thick hi prevent undue wear of the sides 
by tlie moving mass of mineral. Tlie piston is usually built up of 
planks of hard wiaai such as oak or elm, kited higetlier and strapped 
with iron akve and klow, the piston rod going through it and king 
secured by a nut or a cotter. Long piatons, say over 3 feet in length, 
should have two roda The piston shogld k hung at akut the same 
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Fig, 214. Bingle comjMrtnient jig. Plwi, longitudiiiftl uid transverse sections. 

J Inch clearance alt round; the compartment in which it works should 
be lined witii boards th«t can gasily be renewed. The division between 
the piston and the sieve compprtments should be of such denth as to 
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equalise the ascending currents of water orer the area of the sieve; its 
depth is usually 7 inches to 12 inches, being deeper the wider the sieve. 
Tbq area of the piston is usually equal to that of the sieve, and is 
best made so; in a few special constructions the piston area is only 
half the sieve area, but tliis plan is not to be recommended for ordinary 
Kara sieves. 

A typical single compartment jig', jigging over the sieve and making 
three products, clean org, middlings (called “chats” in the North of 



Fig. 215. 8hep|)ar(i nut coa! waalior. Vortical section. 

England, “raggings” in Cornwall) and waste (known as “cuttings" in 
the North of England) is shewn in Fig. 214. This form is rather out 
of date but illustrates well the principle of discharging two grades of 
products through weirs above the sieve. Hiis machine is worked with 
a quick downward and slow upward stroke of the piston, by means of 
the mechanism aiready referred to. 

Fig 215 shews a jig of the same type as built by Messrs Sheppard 
and Sons. Ltd. for washing coarse coal; nut and pea coals, screened 
between 1| inches and | inch mesh, arj washed on such a jig duff coal, 
‘ Inti. C. R, “The Dressing of Usd Ores, jby T. Sopwitii, Vol m. I870i p 108. 
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•crecned through { inch mcHli, Iwiiig washed on felspar washers. The jij 
is built of cast iron, the piston also lieing of iron; it will be noticec 
that the stroke of the piston is guided so as to be truly vertical, thecon 
necting rod being as shewn free to swing through a sufficient angle t( 
admit of this. Tlie piston can therefore be made tight fitting. The 8iev( 
is set on a sufficient 8lo|)c to help the coals to travel over it The dir: 
is delivered through an at^justdhle gate, which is so arranged as to allov 
it to drop into the main hutch, whence it is, discharged together witl 
anything that may come through the sieve, l)y means of a screw con 



Fig. 2IS. Oiitral rik'liargcjig I’entjicctivc. 

veyor. The clean coal drops over a weir into an outer case from which 
1 18 aW) removed by a screw conveyor, whilst the water flowing over 
he weir is drawn into the hutch again by means of valves situated in 
the ^nt wall of the hutch. Tlie piston makes 60 to 70 strokes, 6 inches 
to 7 inches long, jier minute, and at this rate each huteh can treat about 
8 tons of coal per hour. 

Anotoer form of nut-washer, the Ooda machine, is shewn in 
fig. 810. In this the coal to be washed enters ttatingh the small 

' ICoUmmifhtrf 'tmf, Luapredit, H. Bn. 
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Mde mto trougk,,, from which it k removed by chain scrapeiw, k The 

discbaiged over the .'edge opposite to that where the hopper is 
pla^ and drops on to a small jigging scre>e«. which deliver it 
nmfonidj at the same time draining off the bulk of the water, which is 
returned to the jig. 

A ^-compartment jig> for Jigging over the sieve is shewn in 
t ig. 217, tlie sieves being furnished witli central tube discharge. There 
IS also a plug to enable any liutchwork to be drawn off. A per- 
spective view of a pair of jigs on this principle with cast iron hutches as 
made by the (iates Iron Works is shewn in Fig. 21H. 

A typical threc-conipartment jig, as made by Messrs Fraser and 
tlialnicrs. Ltd., for jigging through the sieve is shewn in Fig. 219, a per- 



Fig. 2ia TI,ree-c,.,u]iarti..o„t jig witi, w,w,le., hutch. Ki„l and side elovation*. 


ipective viev, of a similar machine being shewn in Fig. 229. This is 
a form of wooden jig tliat is very widely usetl Another form tliat is also 
ui great favour lieing shewn in Fig. 221, which shews details of its 
coDstnicaon. A machine upon quite the same principle but having a 
semicircular hutch-bottom is shewn in Fig. 222 as made by the Gruson- 
werk Co of Magdeburg. The construction, when iron plate is substituted 
or wood, iM reprettented by a two-comjiartment jig, Fig. 223. In the 
fomer style, the makers quote about £60, £70 and £90 for one-, two- 
Md three-compartment jigs respectively, the sieves being about 32 by 
10 inches. ^ 

It will be seen that all the above jigs difer only in the less 
unportant details of construction, and that by combining in difierent 

™u!a kj R. R Com- 










%. 223. TwMiuniwtinent jig with iron IratclL Penpectim 
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Kj|{. ■2‘J4. Hinjjle Keirt|wr wiiKlier. Vortical section. 
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waj-s the various arrangements shemi, a large number of modifications 
would result 

The jig shewn in Fig. m is a Pelipar Washer as used for small 
coals, made by Messrs Schiichtemiann and Kremcr, Fig. 225 shewing 




Fig. 226. Jigs with lioriamtal piston. Mectional clevstion and plan. 


a double washer of the same type by the same makers. The principles 
underlying this form of washer have already been discussed (p. 264 ), 
and a Sheppard felspar washer with tyovable sieve has been shewn in 
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Fi({. 200; it i« however more iiMiial to l)iiil(l fel«])ar washers with fixed 
than with movalJc sieves, and the ordinary felspar washer is often built 
exactly like a two- or tlirvw-conipartinent llarx jig sliewn in Fig* 219 
to m. 

In Fig. 220 a set of four jigs is shewn, the pistons of which are 
arranged horizontally instead of vertically, one piston Ixsing thus sufficient 
for a i«iir of sieves. This arrangement is com|)act and comparatively 
cheap, but snlfei's from tlie disjidvantage thayiach sieve of the [Mir must 
lie worked at the same [dston siwed and stroke; moreover the [dston is 



a|it to la) iiytired by fine mineral matter suspended in the hutch water, 
and is difficult of iiccess for re|iairs; there is also a stuffiug-lwx in the 
side of the hatch to kw]) tight. It will lie notiaal that the two com¬ 
partments are alternately in pulsion and in suction, whereas in the 
ordinary liar* jig pulsion and suction may take place cither simul¬ 
taneously, alternately, or at any other interval of time, as may be 
desired Tlie piston is circular and is packed watertight, working in an 
iron cylinder. 8uch jigs are used (piite exceptionally in Missouri and 
in North Wales for dressing lead ores. Tlieir use is not extending. 

The jig known as the Oollom jig is shewn in Figs. 227,227*, and 228, 
the former shewing a set of two jpgs in a wooden frame, whilst the latter 
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nhewd them on a light iron frame; these shew independent jigs 
built in |«int in one hutch with a piston eompartment between 
them. The latter is divided completely into two separate halves, 
front and Imek, one of which communicates witii the simce Wow the 
right hami, the otiier with the s|s«!e Iwlow tlie left hand sieve. Tlie 
pistons are attached to short vertical rods that terminate in lieads with 
indiarublsT liutfers, below wliicli are coiled powerful spiral springs, the 
compression of wliich can Is; a<ynsled as desired. .\ T-slia[)ed rocking 
piece is so placed alsivc the heads of the piAon nsis tliat each of them 



Fi|r. 'its. ('iillimi jijfs iVr»|Ksai\t'. * 


is doprcsstMl by it alUwnately, thus pnslHcing the downstroke of the 
piston, whilst the .spring lifts the piston again, thus making the upstroke. 
The piston lias thus a rapid down-stroke and a slower uiwtroke. It will 
bo noted that the piston area of these jigs is less in proportion than in 
tlie ordinary Ilara jig, Wng only about half the area of the sieves. 

Collom jigs are only in use in a few places, chiefly on Lake 
Superior for treating ores of native coiipcr, also in Colorado, at 
Broken Hill. N.S.\V., and a few other places. It docs not appear that 
t 



^ Fig. 229. Baum jig. Vertical nectioa 

Mr Arthur Taylor’ has recently proposed working jigs by a vibro- 
niotor instead of by an eccentric; he seems to prefer to cause the entire 
' BuU. /«»/. Min. MtL Wctobw 1908. 
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hutch t(i move, making two sides of the hutch of some flexible material, 
so that pulsation of water through the sieve is produced by the motion 
of the hutch mid attached sieve, the inertia of tlie water contain^ in 
the hutch causing the latter to move differentially as compared to the 
foniier. He also claims the use of a swinging sieve actuated by a 
viliroiuotor. In cither case he pmfioaes to work at from 500 to 1500 
strokes per minute, and states that he can jig successfully “the finest 
slimes that can lie treated by any mechanical nicana” This system has 
not yet undeigone any actual pradical tests.* 

Ihc Baum Jig' is used for coal washing. It is shewn in section in 
Fig. 221). Here the pulsation of the 
water is prtsluccd not by the motion 
of a piston, but by pulls of compressed 
air acting u|hiii the surface of the water 
in a coniiinrtmcnt by the aide of that 
(tarrying the screen. Air at a pressure 
of IJ to 2 Uw. imr sq. inch is admitted 
ill imtfs by means of a valve driven by a 
small eccentric. In the machine shewn 
in the figure, jigging takes place over 
the screen, the dirt passing through a 
gate into the hutch whence it is removed 
by a screw conveyor. For coarse coal 
from 2 inches to inch, the valve makes 
.'ill to 70 strokes and for fine coal liclow 
/j inch, from 75 to 110 strokes {ler 
t ‘ minute. Baum keeps a deep layer of 

coal on his sieve and maintains that with 
his jig a fels|)ar bed is not required, 
the shale in the coal forming a sufficient 
lied. 

K convenient little jig for lalsiratory tests made by Braun of 
Freilierg and worked by puffii of air may fitly be included here. As 
will be seen fbim the illustration it consists of an outer vessel of glass 
about -I inches in diameter and 7 inches high. Into it fits an india- 
rublier ring BH, through which jiasscs a glass cylinder A open at both 
ends, to the lower end of which sieves alsmt 2} inches in diameter, 
and of varying mesh as may be required, can be clamped. Through the 
indiambber ring passes a brass tube C, which terminates below in an 
' Tmet. Ftd. lm>. Min. Eng. vii. n 159. 



h’ig. 230. IlniuD laUimOtn- 
liiim! jig. VertioU svetio)). 
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annular tube with numerous small holes whilst its upper end is connected 
br a piece of indiarubber tube, with a hollow indiarubber pesr-Bha]ied 
bulb some 4 inches in diameter, by alternately pressing and releasing 
which, jets of air are made to issue into the upper portion of the glass 
vessel through the perforations in the annular portion of the brass tube; 
the variations in pressure thus produced, cause the water poured into the 
outer vessel to pulsate through the sieve. A small sample—say j lb. 
—of crushed mineral may conveniently be jigged in this little apparatus 
and the conditions for ^ccossfnl working thus determined. In the 
writer’s laboratory this little instrument is always used for jigging 
through the sieve, a l)cd of leaden shot being employed. It is a useful 
little appliance and can be recommended for jigging tests. 



19-2 



(JHAFfEB VUI. 

HOKIZOXTAL ('UKHKNT SEPARATORS. 

The action of a horissontal cnrrciit of water in xcimrating particles oi 
different ultimate falling velocities has already lajcn exidained; it has 
been shewn that such [airticles falling in a horizontid or ])nictically 
horizontal stream of water will reach the hottoiii of the strcani at 
distances from the point of their introduction which will Ik; gi'cater in 
pro|H)rtion as their ultimate falling velocities are less. The seimration 
thus takes place entirely whilst the i«irtieles are falling through 
the Ixaly of the stream of water. It has however Iwen also .sliewn 
that a a’lairatiou am lie effecU'd k-tween |iarticles of diflerent 
si)ecifi(; gravities if these arc subjected h) the action of a shallow 
straun of water, the friction of the isirticles against the solid surface 
over which the stream flows i)laying an iui|Kirtaut lairt in this 
sc|>aration. It is obvious that this latter condition neeessiirily prevails 
in the lower (lurtion of every stream of water, so that it is ([uite iK>a8ible 
for sc]«kratiug action of the latter kind ts) hike place in addition to that 
due to the former principle. Accordingly we have to consider appliances 
acting by separation in a deep stream of water, those acting by separation 
in shallow streams, and an intennediate class in which kith modes of 
action take place. Although the two actions arc quite diflerent in kind, 
yet tliey may take place to varying extents in appliances diftcring only- 
in degree, that is hi say, in depth of current, so that there is in iiractice 
no sharj) dividing line between the two sets of aiipliances, although we can 
distinguish easily between ap|iliances at cither end of the scale. Those 
working on the flrst-named principle alone arc especially suitable for 
tlie treatment of larger |wrticlcs and coarse sands, whilst those working 
purely on the hwhnamed are especially adapted for line sands and 
slimes; those tlmt combine both principles arc not suitable for treating 
the last-named class. 

Appliances nmkiug use of a deep stream of water are usually 
employed only to oftet a prelilfiinary separation and have then to be 
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followed up by more accurately working appliances, but may at times bo 
used for finishing operations, especially when the bodies to be separated 
have widely different specific gravities. 

The typical appliance to be considered under this head is the 
Box Buddie or rectangular huddle, a very usual form of which is 
shewn in Fig. 231. It consists of a rectangular wooden box 10 to 15 ieet 
long, 4 to 6 feet wide and I foot 6 inches to 2 feet (> inches deep, set at a 
gradient, ranging from 4” tp 10°, the inclination licing greater the coarser 



= 5 ^ 



tlie material to be treated. At the upper end there is a headboard set 
at a slope of !lstto 20°, of the ftili width of the huddle and IS inches to 
20 inches broad; it is furnished with a row of “pins,” these being 
diamond-shaped blocks of hard wood, about 2 inches by 1 inch, which 
can turn on a central pivot, thus vtuying the width of the passage 
lietween adjoining pins and providing a simple means of r^pdating the 
inflowing stream of pulp. By properly ydiosting these pins it is easy to 
arrange that the stream flowing over thl headboard shall be of uniform 
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depth right across the huddle. Above the headboard is a bo.v, tri¬ 
angular in cross-section, into which the material to be treated is 
shovelled by hand, whilst a stream of water plays uism it; the labourer 
who shovels in the inincml keeps it stirred up with his shovel, although 
in some buddies a stirrer consisting of a short horizontal shaft studded 
with teeth and driven mechanically is employetl. llie jmlp flows into a 
sieve that arrests all lumjw of stone, chips of wood, etc. that may have 
accidcntidly found their way into the crusliqf! mineral. The tailboard 




of the huddle is pierced with two vertical rows of holes about 1 to 2 
inches in diameter, fitted with plugs, and set at distances apart a little 
less than the diameters of the holes, the holes in the two rows alter¬ 
nating with each other. By successively plugging these holes the level 
of discharge from the lower end of the huddle can thus be gradually 
raised. Across the lower part of the huddle lies a plank upon which 
Stan* a labourer armed with a long handled besom with which he 
continually sweeps up and levels the depositing mass of mineral, so as 
to keep it smooth and to pr^ent channels from for min g in it Two 
men are needed to each huddle; one shovels in the mineral and 
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regulates the water supply and the pins on the headboard; the other 
uses the besom and puts the plugs into the taillK>ard as ixsiuired. 
Another somewhat similar form of huddle is shown in Fig, whioli 
also indicates how the appliance is worked. The pul]) flows over the 
headboard into the huddle, and in virtue of the principles aln-mly 
explained, the heavier ])artidcs are de|H)site<l close to the headlx)urd, 
and the lighler ones further away from it along the huddle; the i)lngs 
arc jait in at the bottom s(^as always to kec]) a little sump of water at the 
bottom end. The sweeiwr swecjjs always from Ix'low upwards, drawing 
his hnsan slowly from side to side. Tlie huddle is thus gradually filled, 
the o|a‘nition la'ing completed when it is alsmt one-half or two-thirds 
full at the headlsaird end, and the ])lugs are then lailleil out to allow the 
mass of mineral to dniin. The mass is then dividial into three sections 
(four are made excei)tionidly) by the foR'inan, who usually marks them 
out with a shovel. The toj) seedion or “heads ” is clean enough tor the 
next i)rocess, the middle section has to l)e huddled over again, whilst 
the lowest section consists of lairrcn tailings and can Im throwii away. 
The hciids usually rc(|uire further treatment, or they u)ay only neerl 
“tossing” or “chimming” to la* ready for the market. Such a huildic 
takes thout 1 cubic foot of |mlp ])cr minute, containing about till IIh of 
dr)’ sands; two men will work off four huddles, each holding about 
30 cwt of minend, in a 10 hour shift. Usually such buddies are worktsl 
in pairs, two men huddling in one, whilst two others empty the other, 
and so on alternately. This ap|)liance. is simple in the extreme and 
inex]Ktnsivc to construct ami has no moving parts, but the labour cost 
is very high. It is accordingly ])ractically oltsolete, having l)cen 
replaced almost everywhere by the round huddle. 

Tlie Bound Buddie works on the siime principle as the aimvc; its 
construction may be comitarcd to that of a series of box buddies set 
radiallv so as to fonn a circular l)ox; if the hy|)othctical Imx buddies 
had their hc.wlboards at the centre, the convex huddle would result, if 
at the circumference, the concave huddle, lx)th forms being in use, 
though the fonner is the more extensively employed. 

The Oonwex Buddie is shewn in Fig. 233*. It consists essentially 
of a W)H)den floor in the shape of a very obtuse cone, the angle to the 
horizontal being between 4“ and 8“. It is usually built in a shallow 
circular pit about 18 inches deep, but is sometimes raised above the 
surfece of the ground Its diameter ranges usually from 18 to 24 feet; 

' Proc. Inti. C. E. 1858, VoL XVI. PI 6, 

* Pruc. hut. Much. AligllStS, PI 41. 
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in exceptional cases buddies up to 50 feet in diameter have been built 
in Cornwall. In the middle stands a circular headboard 6 to 10 feet in 
diameter, slopiiiK at a steeper pitch than the floor of the huddle; the 
lower edge of the headboard lieing about 12 or 18 inches higher than 




Kig. 23,1. Itnund convex buddle. l‘l«n uid sectional elevatioa 


«ie conical floor. Hie headboard may be furnished witli r^ating pina 
Hie pulp to be treated is conveyed to Uie centre of the headboard 
and is discharged upon it in various waya In the buddle diewn it runs 
into a central cup, from whiclivit flows through a number of spouts 
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which are dowly rotated so ae to produce a uniform stream; in tliis case 
no rejfulating pins are required. In another form the pulp flows into a 
wnUal funnel, the lower imrtion of which is partly closed by an iron cone 
so as to leave an annular space about 1 inch wide for the discharge of the 
pjilp. In the centre is a vertical sliaft driven by bevel gearing, to which 
are attached from two to six arms, which in their turn carry brushes 
to keep the surface of the deposited mineral smooth. Tliese bruslios are 
either long narrow l)esomi^or are simply strip of stout canvas nailed to 
a narrow board These are suspnded from cords wound round rollers, 
so that they can gradually be raised as the level of the accumulating 
material rises. As the dciswit is greatest clow; to the hewiboard, 
these brushes are occasionally made in two lengtiis, each (apble of 



imle|K‘ndent adjustment. Tliis atyustment is usually prformed by 
hand, though in some exceptional cases the rollers arc geared to the 
central -pindh' and driven by it Tlie arms make from ') to 10 revolu¬ 
tions pr minute. Such a buddie can take from 4 to a cubic feet of 
puii) pr minute, carrying from 28 to .i6 11*. of dry sands pr cubic foot 
of |)ulp; there is, however, great variation in the rate of working of 
buddies, the filling of a buddie taking from 3 to 10 hours according to 
circumstances, and the buddie holding from 6 to 12 tons of mineral 
Tlie excess of water flows off either all round the buddie or throngli 
a trough at one side, the hehtht of the overflow bein|' a4justable as in 
the rectangular buddie. In either case the water should pass to settling 
pits to allow any fine mineral in su8pn«on to be deposited. When the 
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biiddlc id full, tile (^oiiteiitH arc divided into three parts by concentric 
circles, (he heads xoiiij; generally to the concave huddle for further 
cleaning, the middlings lK‘ing huddled over again, and the tails l/cing 
liHiked n|»)n as Imrren waste. Huddles arc usually built in sets; one 
man can look after some half-dozen of such ordinary convex buddies. 
The |s)H'er (smsnmption is very low, say alxmt O’l H.P., and the cost of 
the appliamx’ is but small; it can usually lie built by an ordinary mine 
car|)enter for an outlay of alsmt £‘2'i. , 

A small bnddle, shewn in section in Fig. 2,'14, of somewhat similar 
construction, is in use in the Weardalc district for treating lead ore, and 
is known as the Ring Buddie; the conical wooden floor is surrounded 
by a gutter alsiiit 12 inches deeji, in which rests a ring of stout sheet 
iron, m', hh', of diameter eipial to that of the huddle. Tins ring is 
susficndeil by rods so connecUsI with the driving gear that as the huddle 
fills the ring slowly rises and thus raises the level of the overflow. It 
will lie seen that this bnddle has no headboard, the pulp flowing through 
a conical distributor with an annular aperture surrounding a central 
|S)8t; instoul of brushi-s to keep the surface of the deiiosit smooth, 

4 anus of iron pi,K.'s, pierced with fine holes, through which issue jets 
of water, rotate slowly, and not only iwrform the office of the brushes, 
tint also wash away some of the barren tailings. Both of these lattei’ 

( cvices are also in use in the lead-mining districts of the North of 
Knglaml for buddies working without the ring. It seems to k- verv 
generally hchl that the headkmrd is of doubtful utility and inav well 
enough k> dis,H,ns«l with, but the nse of jets of water instead of 
brmffies IS apt to give rise to the formation of channels in the deposit, 
111 which valuable mineral may lie washed away. 

Tlic Ooneawe Buddie is shewn in Fig. 2:i.-,> As will k seen, the floor 
IS funnel sIibiksI, the slojic of the cone lieing again very flat The pulp 
m conveyed as k-fore to the centre of the bnddle, but from the central 
funnel long spouts convey it to a narrow jieripheral headboard. The 
central shaft carries arms and brushes just as in the convex fonn • some¬ 
times these bruslies arc attached to the pulp sisiuts, which then’ act in 
a double caiaieity. In this form of buddle the heails are deposited at 
the circumference and the tails nearest to the centre, so that there is 
more sjmee avwlabic for the former than for the latter; it is therefoiv 
well adapted for deaniiig partially concentrated material such as the 
heads from the convex buddle, and is generally used for this purpose. 


‘ Pnx. IntlSMecli. A'sg. 1S73, l*t u 
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meinoria] periods, and constitute the most primitive type of drying 
plant Illustrations of these arc to l)e found in Agricola's well-known 
work^ and they are to lie met with in closely related, but without doubt 
independently invented fonns, amongst semi-civilised races all over the 
world. As usually constructed they consist of a wooden trough at the 
head of which the pulp to be treated is fe<t in, an additional stream of clear 
water lieiiig sometimes run in nearer to the head of the trougli. Tlic 
inclination of the trough, the quantity of water, and the resulting velocity 
of the current are usually s# proportioned to the size and weight of the 
[uirticles of mineral that the heavier mineral remains at rest in the 
trough, whilst the lighter is carried off In order to prevent particles 
of the lighter material from lading entangled in and held Imck by the 
heavier, it is necessary to work the material lying on the floor of the 
trough up against the current, which is usually done by means <if a 
la-som, a fine-toothed rake, or a Ikw. The clean heiuls thus obtained 
are usually shovelled or raked out from time to time, whilst the waste 
nms (dF continuously. Such an arrangement is used, for example, by 
the (diincse in the .Malay I’eniusula for concentrating the tinstone 
from the tin-lwaring alluvial deposits. 

The “ Strips,” which were largely used, and are still employed to 
some extent for a preliminary concentration of crushed tinstufl' in 
(-'ornwall, consist of troughs an to .‘in feet long, 12 inches deep, and 
18 inches wide, in which the material richest in tin is gradually 
deposited at the up|icr end, whilst the tails arc practically Imrren. 

Strakes and Tyes are very similar to the last namerl, but arc usually 
shorter, namely, fnan In to an feet in length, and are usually worked 
with a hoe, whereas striirs are not thus worked. The lower end of the 
tje is often arranged to Ire closcrl by a series of bare of wo(m1 about 
1 inch deep, which are laid in successively as the material accumulates 
on the Iwttom of the trough, until the latter is sufficiently filled. Such 
appliams's arc also sometimes fitted with riffles; these in their simplest 
fonn consist : ridges of wood or iron i inch to 2 inches deep, placed 
across the trough to arrest the heavier (jarticles; gnatves in the bottom 
may take the place of ridges, and many special forms are used in 
hydraulic gold mining. Tlicsc applianres, like rectangular buddies, 
are usually worked in jairs; they are not very efficient and have little 
but their cheapness to recommend them. 

SUme Pitt and liabyriotht work upon a somewhat similar 
principle; they are simply rectangular pits into which water carrying 
fine particles of mineral is run, and in which the velocity of the current 




Fiff. 237. Trough wa-shcr. Plan and elevation. 
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is sufficiently reduced to allow the fine inrticles to settle. Tlie water 
is run off and the pita emptied out from time to time. 

The ordinary Trough Waiher, used for washing moderately small 
coal, say from inch to } inch culie, works on exactly the same principle. 
In its simplest fonu it consists of a trough 16 to 24 inches wide and !) 
to l)i inches deep, through which a stream of water carries the dirty 
coal; riffles arc set across the trough at intervals of 10 to 20 feet Hie 
stones and dhl sink to the Iwttom and remain there, being caught and 
retaini'd by the riffles, whilkt the lighter clean coal flows over them and 
runs oft' at the lower end of the trough. These troughs arc worked in 
[tairs, and the oiwnition must l)c stop|)ed la-forc the dirt reaches the 
level of the up|a-r edge of the riffles, when the stream of coal and water 
is diverted into the ueighlamring trough, and the aecnnmlated dirt 
shovelled or scra|a-d out. 

Such a washer is shewn in Fig. 2;i7 as used at Flimby Oolliery, near 
.Marvport, CumlK'rland'. There arc two iron troughs loO feet by 
17 inches wide and l.'t inches deep, set at a gradient of 1 in ,'M!; each 
has two riffles, alsiut 2 inches dee]), one at the lower end and one some 
20 feet higher u[). The troughs arc used alteniatcly, the stream being 
diverted from one to the other by means of a movable teenguc placed at 
the upper end. The velocity of the stream is ItOO feet |)cr minute, and 
the aj)i>lianec treats 10 tons of ce)al ja-T hour with a water consumption 
of too gidlons jKT minute, .tbont 16 per cent of dirt is taken out of 
the coal, and the working cost of washing is given as I’lBd. |)cr ton of 
coal frea'.xd. 

At Tredegar* there are three troughs, side by side, 2.10 feet long, 
62 inches wide at the top and 16 inches at the Imttom, by 12 inches 
dec]), set at a gradient of 1 in ,60; they are built of 2 inch plank, the 
ls)ttom l)eing covered with J-inch iron plates. Uiffles, consisting of 
strips of iron, are inserted every 12 feet; thests are 3i inches deep at 
the head of the trough and get gradually shallower as they approach 
thelowrreud . here they are only 1| inches deep. The shale is removed 
from each trough in succession at intervals of about } hour, the supply 
of coal being cut oif from the trough that is being cleaned. This plant 
treats 20 tons of small coal per hour, the coal having been passed 
through a 1 inch screen. 

An extremely primitive type of trough washer is in use in Asturias’; 

^ TVon#. Jmt. Scotland, Vol. xi. p. 1H4. 

* ATib. Proe. Intt. il “C«kl Washing," by J. F. Harvey, VtA txx. 1881, p. 106. 

^ Tram. ln$t. Min. Eng. Vol xxvhl ii. 423. • 



Fig Trough wa»l»er. I’lan ami sectional elevation. 


it Himply consists of a wooden 
trough about 20 feet long, 15 
inches wide, and 15 inches deep 
set at a considerable incline. A 
stream of water runs through the 
trough, and the coal is shovelled 
in at the toj) end and worked 
about with the shovel; the dirt 
is raked out at the head of the 
trough, whilst the washed coal 
eseaiK's at the lower end. 

An improvement in the ordi¬ 
nary trough washer consists in 
having more numerous riffles, and 
removable slides in the bottom 
of the trough, through which the 
accumulated dirt may Iw removed. 
'Ihis fonn is well illustrated by a 
trough washer at Isslge {Colliery, 
Slamannan', sliewn in Fig. 2;i(i. 
lliis is a double trough 100 feet 
long, each trou)th la-ing 2 feet 
wide at the iipiwr end and I foot 
(i inches wide at the lower. The 
ls)ttom is of steed 1-ineh thick 
and the sides of f|,-imdi iron. It 
is set at a gnuiient (d' 1 in 22. 
The coal is tip|>ed into one o» 
other of the troughs at A, a mov¬ 
able hopper sending it to one 
side or the other; at /f is a water 
[lilie with a tap for each trough; 
at (,'tlierc arc riffles about 4 inches 
deep, iuhI at I> there are slides 
about 0 inches broad and the full 
width of the trough, which can be 
lifted by the hgndles f. The dirt 
which accumulates behind the 


' Trattt. Mill. hit. Scfttkind, Vt>l. xi. 









Bell «Qd Ramaay^ washer. Plan, side and end elevation. 
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riffles C is removed by lifting out the slides and allowing the dirt to 
drop into a lower trough, down which it is carried by a stream of 
water to E, where it is loaded into tubs; the washed coal is discharged 
at (j. \\ hilst one trough is lieing cleaned out, the other one is in use 
This appliance washes about 1(( tons of coal |x;r hour, removing alxuit 
20 iMjr cent of dirt; the cost of lalsjur is given at 2'2')rf. [Kir ton of coal 
treated 

In the Bell and Ramsay' Washer, Fig. 2;t0, the trough is made of 
iron, is semicircular in cross-section, and is* hinged at the ui)i)cr end; 

along it rim stirrers attached to a 
shaft which gives them a vibrating 
motion to and fro. The trougli 
is fitted with riffles, some of wliiidi 
are fi.ved, whilst otliers can lie 
movtsl iiy means of levers, as shewn 
in detail in Fig. 210. When the 
trough has to Is' cleaned out from 
the accumulated dirt, the Isittom 
cud is lowered clear of the stirrers 
and fi.ved riffles, whilst the movable 
riffles are lifted by means of their 
levers. The dirt is then flushed 
out by a stream of water into a 
waggon placed to receive it, and 
the trough is then lifted l»ack into 
its |)lace again and the washing 
operation continued. 

Various improvements have 
been made in trough washers with the object of rendering the action 
oontinuniis and thus doing away with the intermittent method of 
working two troughs alteniatcly. This can evidently be accomplished 
liy some metlusl of removing the dirt continuously at the .iipjier end, 
whilst the dean coal (lows off at the lower end (ff the various methods 
in use we may consider travelling scraiicrs, a travelling trough and a 
trough with screw conveyor. 

The Elliott Waiher (Figs. 2tl and 241*) consists of an iron or steel 
trough, about It) inches wide at the top and 12 inches at the bottom, as 
shewn in Fig. 242, about 12 indies deep and 60 feet long, set at a gradient 
of from 1 in 12 to 1 in IB. Above each end of the trough there are sprocket- 
* Triiw. Mi«. /»,*(. SeoHaitS, V«l xi. ji. 185. 
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KIHott wa:»her. Plsui. and side elevation. 
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wheels drivinj? eiidless chains, to wliicli scrdi)crs, about 3 inches deep, are 
attached; these scraiairs act as riiUcs, but as they slowly travel up the 
trough, they carry the dirt up with them and discharge it at the apper 
end of the trough, whilst the washed coal flows oil' at the lower end. In 



Ki(f. Klliott waslier. Kiid deration 


order to clean the dirt from all particles of coal, the coiil to lie washed is 
fed in almut 20 feet from the top end of the trough, so that the dirt 
travels for this distance iu cletir water only and is thus thoroughly 
washed, hlach trough treats from .W to 100 tons of coal per day; 



Fig. e43. Tniugli of Elliott wiwlier. Cmas-scction. 

a larger output is dealt with by increasing the number of troughs. Tiie 
figure (Fig. 2411 shews a single trough plant capable of dealing with 
100 tons per day. At the New Consolidated Charlotte Pit, in Silesia', 
an Elliott washer, 60 feet long, with a gradient of 1 iu 15, washes 

* ZtiUeh./. Berg. », hali*. Weuu, VoL uv. 1897 , B. p 23 S. 
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60 tons of coal |)er day, wlticli lias passed tlirougli a screen of 0^75 inch 
mesh, with a water consumption of 175 gallons per minute. The dirty 
coal.contains l.'i ])cr cent of ash, and the washed c(«d only 5 to 6 per 
cent., whilst the dirt removed contains 50 to 00 jier cent. 

.\t Wirral Colliery, Cheshire', an Wliott washer has lieen erected, 
the trough licing 00 feet long, 1 foot 0 inches wide at the laittom, 
'2 feet 0 inches at the top, set at a gradient of 1 in 12; the scrapers are 
4 inches deep and set 6 feet apart; the coal is fed in .'10 feet from either 
end of the trough. This washer can deal per hour with 10 to 11 tons of 
coal that has passed a 1-inch screen. The unwashed slack conpiins 
25 jicr cent, of ash, whilst the washed coal and tlie dirt isintain n'spec- 
tively I'JO per cent and 0(175 per cent of ash. The complete plant costs 
i'750. and an additional trough has been put in, thus doubling the 
capacity of the |ilaut, for another £200. The cost of washing is given as 
alsmt 0(175t/. per ton. 

The Klliott washer is in use at several collieries ,in (Jreat Ilritain, 
North of France, etc. 

.\ very similar trough washer, built by Messrs Inglis and llossack 
of Airdrie, is in use at tlie boiigrigg Colliery, Slainannan*; it is shewn in 
Fig. 21.1, and consists of a trough 00 feet long, 2 feet wide, and 11 inches 
deep, .'ct at a gradient of 1 in Ul; the coal to lie washed, together with 
some water, is fed in about 15 feet from the top end, and the remainder 
of the water is run in at the very top of the tnmgh. In the Imttom 
of the 1 1 (High lies an endless chain to which are attached sitraiiers 
2 in lies deep, about 4 feet apart, the chain returning as shewn licncath 
the trough. This machine washes efficiently some 200 tons of coal 
per day. 

It will be seen that this appliance is practically idcnticid with the 
last-named, differing only in the jiosition of the endless chain. 

The Murton Wuher (\V<mm 1 and Uuraett’s patent)* consists of a 
trough composed of segments like a picking belt, but fitting watertight 
against each other, as shewn in Fig. 244. The trough thus formed is 
60 feet long, .S feet wide and (I inches dee]), and it is set at a gradient 
of 1 in 18. The joints of the plates, which are 8 feet long, are so 
arranged as to form riffles almut 2 inches deep. Coal, with a certain 
amount of water, is fed in at 12 feet from the upjier end, the remainder 
of the water being supplied close to the top end. The trough travels 

* Trant. Fed. Imt. Min. Eng. V^)L XL p. 55. 

' Trant Min. fntt. Scotland, Voi xi. p. 218 

* Tram. Fed. Imt. Min. ^g. VoL ii. p. 42. 




T^mflriirir coUierv washer. Plan and elevation. 









upwanU at a rate of 8 to 10 feet per minute, 
carrying the dirt with it, whilst the water 
carries the clean coal downwards and dis¬ 
charges it at tlie lower end At Murton 
Colliery sncli a waslicr treats jtcr day 400 tons 
of coal that has |)assed tlirongh a |-inch 
screen, and uses 450 gallons of water per 
minute. The power required to drive the 
washer pn)i)er is about fi H.p. Tlie dirt 
waslicd out amounts to 16 or 17 |)er cent, 
and the washed coal contains 2'tl(i jHir cent 
of ash. The cost of washing is given as 
070 d. |)cr ton of slack, and the first cost of 
the plant iis taiKKK 

A similar machine at Nunnery Colliery 
deals with 22 tons of slack per hour. 

The Blackett Washer (Blackett and 
Palmer’s ]>atcnt) is shewn in Fig. 245. The 
trough is here replaced by an iron cylinder, 
to the inner surface of which is riveted a 
sjiind strip of iron ; this latter acts simul- 
tiineously as a series of riffles, and iis a screw 
conveyor, carrying the dirt forward and 
discharging it at the upper end of the 
cyl' idr.cal trough. 


Blanket Strokes are scirrcely used, ex¬ 
cept for concentrating the 
auriferous pyrites and other 
heavy minends contained in L 

cnished gold quartz. They ’ 

consist of troughs 12 to 26 feet ^ 

long, ' to 3 feet wide, and about JF 
6 inches dee|», set at gradients 
that may range from 1 in 6 to ^ 

1 in 16. In the bottom of the 
troughs are laid blankets from 4 to 6 feet 
long, of the same width as the trough ; they 
must be laid like tiles on a roof, the lower 
edge of each overlapping the upper edge of 
the next lower one for a distance of |ome 
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6 inches. The pulp to be concentrated is run in, best over a headboard 
fitted with pins, so as to produce a stream of uniform deptli. The heavier 
mineral sinks to the bottom and, becoming entangled in the nap of'the 
Mankcts, is retained thereby, whilst the lighter minerals flow off in the 
stream of water. After a certain time the nap of the blankets becomes 
filled with the accumulated concentmtes; the stream of pulp is then 
diverted into an adjoining strake, and the blankets are folded up and 



Figi 24.'i. lilia'kytt wiislier. Suetidiial olcvatioti. 
carried to a wtaaleii taiik filled with water, iu which they are washed, 
until freed from the accumulated Tiiinenil. The latter is thus collected 
in the fiink, from which it is removed by hand for further treatment 
Blanket strokes are worked usually in pail's, but .sometimes in threes, 
two filling up, whilst the third is lining washed. Instead of blankets, 
sacking, bass matting, plush or similar materials may lie used. Blanket 
strakes wore very e.vtensively employed at one time, but are now but 



Fig. ^S. Fmt stndaw for plntinuin. toagitudiiiiil sortioii luiil crosssiec'tiou ou X Y. 
little used, having been genendly replaced by mechanical concentratiug 
appliances. Their working cost is high, Isith for labour and for material, 
Imt they are very easily and cheaply constructed, and are therefore still 
used at times iu small aud preliminary instidiationa 

A very amilar appliance, shewn in Fig. 346, is used for concentrating 
platinuni sands in tlie Urals'. It consists of a box B of the section 
' Tht lltneratlndiuirii, Vol. vc p. 54#. 
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shewn, about 1 foot wide, lined witli sheet iron; at tlie np))er end 
a stream of water is introduced tlimugh a pipe d, and is kept at a 
constant head by means of the bitffle l)oards as shewn. Tins box o])ens 
into a trough C, also about 1 foot wide and 15 feet long, set at a steep 
gradient; this is flooreil with well-washed peats, kept down by ciiwa- 
pieces of woo<l, held in their place by wedges and forming shallow 
riffles. The sands to la- treated are thrown into the box H in sniidl 
lots and worked alaiut with a hoc or narrow shovel; most of the coarser 
platinum remains in B, ami the rest is caught by the riffles and jaints 
in The peats arc hiken out from time to time, washed and la-aten, 
and the material rebdiied by them is thus collected. 

('anvas tables may a|>propriately la- considered here, although they 
arc very often used for line slimes and worked with thin films of water, 
and should therefore in such eases Im included with the next scries 
of aiipliances. They consist of tables or shallow troughs, over which 
a |)ieee of canvas is stretched ; very often the canvas is nailed to a light 
wooden frame which is laid on the table. They are set at giudicnts 
ranging from 1 inch U> IJ inches per foot according to eireumstanees. 
In some cases narrow troughs, II) inches wide or a little more, are used, 
in other eases tidiles from 4 to Vi feet wide. The length may vary 
fron- I'l feet to 100 feet. The eonilitions under which they are worked 
thus vary very widely, but they are almost excliiHlvely used for concen¬ 
trating auriferous pyrites out of the ]udp produced by stamping gold 
(piarts. In Australia three tables, 4 to 5 feet wide and HO to 100 feet 
long SCI siile by side, on two of which the eoncentrates are lieing 
dcitosited whilst the thini is being cleaned, are considered sulflcient 
to treat KKl tons of crushed cpiartz per H hours, cimh tabic taking 
about HO etd)ic feet of iml|) per minute. In America wide tables are 
used at times, but more often narrow strokes: a stroke, llo inches wide 
and 40 feet long, will treat from 1 to tons of crushed material in 
24 horn's. The canvas in these tables wears well, and the chief expense 
is for labour. The rough surface of the canvas cheeks the flow of the 
lowermost film of water considerably, and thus helps to catch very fine 
slimes. These tables can therefore be used to treat pulp carrying only 
a very small iiercentage of finely divided heavy material, and they arc 
often arranged to follow other appliances so as to collect the last 
portions of valuable material in the pulp. The concentrates are either 
brushed off them or washed OS' with a hose, and are rarely clean enough 
to dispense with farther concentration,' 

The principle of separation in shallowfttreams of water in its |Hire form 
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is eHjiecittlly applicable to dimes aud very fine sands, the increments in 
the velocity of successive water films being greater when thin films are 
considered than when these arc deeper. Hence appliances working on 
this principle can treat jmrticles fiir too fine to l)e sejiarated by rate of 
falling in water. In their simplest form the appliances to be considered 
consist of inclined planes n|sni which a given quantity of the mineral 
pulp to Ite treated is fed, the <|uantity of water and the inclination of 
the (dane lasing such that the heavier |)articles either remain at rest 
or are carried very slowly down the plane, fihilst the lighter iwrticles 
are carried down more rapidly. After a given interval the supply of 
])ulp is cut otf and a stream of clear water run on, still in such quantity 
SIS not to wttsh otf the heavier mineral, but so as to thoroughly clean it 
by removing all the lighter iKirticles; sometimes this action is assisted 
by gently rubbing or brushing the heavier residue upwards against the 
eurieiit so as to get rid of lighter particles mcchaincally entangled in 
the heavier; finally the clciir concentrated heavier particles arc wiished 
off or brushed off inUi a suit)d)le reee|)taele, and the entile process 
recommenecs. The oiauution is thus intermittent, with three seiiarate 
stages of depositing, cleaning and washing off 

Professor Richards' has investigated the liest conditions of angle of 
slo|K' and ipiantity of water to effect a couqiletc se|Biration lietweeu 
grains of mineral of given s|>ecifie gravities for various sizes of the same; 
his results up|iear to U' emisidied in the following table: 

K(ir coarse |ml[i tile Is'st KiojH* is *2'4r,' witii 12 Ills, of water [sir fnoL of wultli 

For luisliuni „ ., „ tl „ .'i (i lbs. 

For finest ., .. .. S 10 2 lbs. .. .. ., 

Tliere is mnple room here for further e.\|X‘riment)d investigation, the 
nature of the surface of the plane Ix'ing one of the most important* 
conditions aflW'ting the etticienev of the appliance ; it .sei’ins to be 
pretty clear that for gissl work the [lartieles should roll and not slide 
down the plane, a condition determined e.s.sentially by the shajie of the 
liartieles lUid the naturi' of the surface. 

The typical appliance for this ojanution is known as the Frame ; it 
ks sometimes k|Miken of also os the Hat Huddle, but this name is lietter 
rcstricusl to the appliances already descrilmd on |). Stilt. It consists usually 
of a table of well-plane<l Ismrds IJ inch thick, secured to a sulistautial 
wooden frame; it is Ig to 2t) feet long. It feet 6 inches fo .'i feet wide, set 
at a gnMiient ranging from fi° for slimes to 112 lor fine sands. It is fitted 
with a headlsiard with regulating pins, the inelinatiou of the headboard 

' Or* Ormmg, Vnt n. p. 707 iuid'9Vii»». Arntr. latl, Min. Bug. ViA irvn. p. 76. 
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beinjc about twire that of the frame itnelf. These frames are always 
worked in pairs and arc in fact usually built double. The genera! con- 
Htruetion of such a double frame is shewn in Fig. i 17, after Kirschngrh 
Aixording to llittinger a frame t feet wide and 12 feet long will 
treat (rdll to (112 cubic foot of pulp carrying slimes, or O"! U> (15 cubic 
f<a)t of pulp cariying line sand jaw niinutc, the pnlp in the former case 
containing 5 to II llis. of dry material a((d in the latter 1.) to 18 lbs. 
|K(r cnbie foot of pnl|). The total capacity is 2 cwt. of the fornier class 
or 15 cwt. of the latter class, or say on tlie^iverage (i cwt. of mineral 
[ler 1(1 hour shift; the i|nantiti(* of watiT i(( the pnlp for de|)oaiting, of 
water used for eleani[(g the concentrates, and of water for washing it 
off, are in the pi(i|Kirtions of 1 : 1 : .'I, anil the periods of time occupied 
in the resjKslive operations are about t minutes, 2 minutes, and 
2 minutes. In working the frame, the pulp is allowed to i nn over one 
of the divisions of the tjible in a tliin film, when the heavier portions 
remain u[hiii the table, wliilst tlic lighter portions flow' off with the pnlp. 
In order to keep the surface smootii and to prevent channels forming, 
the de|B>sil is lightly rulilH'd from ladow upwards with the wooden hoc 
shewn in l‘ig. 2111. When a suHicieut layer of concentnites has been 
dejMisited. the pul|p is diverted to the neighbouring table, and a thin 
stream of clear wafer run on; tlie tailings washed off bv it usually 
contain some of the heavier portions and are cidlected separately, 
forming middlings to Iw washed over again. The heads that then 
remain on the table are practically clean and are washed off into a 
a|H'cial receptacle, a broom ladng often employed to sweep them down. 
From this is derived the (Jennan name of the appliance (ke,hrlu‘ril= 
sweeping table). The old Oornish form of this appliance is a table 
resting on pivots, so that after the mineral has been de|K)sited, the table* 
can la* liigied up into a vertical position, and the de|a>sit washed otl’b^, 
means of a iH'rfomted pi|)e running above it This arrangemenUf is 
shewn in Figs. 2111, 2.)() and 251*, in which the method of workij^the 
frame and that of tipping it np to wash off the heads are clearlsf shewn, 
the latter u])eration k*ing la-rformed by turning over a tr ,iangular 
tnaigh of water susiiended alwve the frame. 

The ehief modifleations of this simple appliance ,ire variatio us in its 
dimensions and pro|K)rtiona The frame used in the Welsh* Isja d Mines 
' Griuuliiai drr EramfhtrfiliiDg, L Kirsclmer, p S4. 

’ Pmr. hut. ('. B„ "On Droning Tin and (.(iip[wr Ore* in (lomwall,'’ by I eiiiioraon, 
Vol xm ’ / 

> Mm. Oni. .S'limw, "On the Mining Diatrivt of Cantiganahire and Mr'atgoniery- 
ihire,” by Warington Vi. Smytti, Vol if. Pt ii p «7,i. U 

«' * 

. t 
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in very broadjn proportion to it* length, namely 10 feet wide by 7 feet 
long, with a fall of 2J inches in that length. A gentle stream of water 
flows over the surface and the ore to be dressed is placed in a small 
heap on one side of the water sui)ply and is drawn with a hoe partly 
against and ))artiy across the stream to the other side of the table. 

Whilst some frames, as in Figs. 24!) to 251, are carried on trunnions 
placed in the centre line of their length, so that when the mineral has 



Fig. :i.V2. Triaiigiiliir f'niiiie. I >ingi‘;iuaiiiiti(; criisH..aycti(Ui, 

been deposited and cleaned, the frame can lie turned vertical, others are 
turned upside down for the more ready removal of the clean concentrates. 
Occasionally sncli a frame consists of two tiibles back to Isick, so 
that the mineral may l)e washed oft' the table that is undermost 
whilst it is depositing iiiHm the other table. At times three Pibles 
have been arranged with their longer sides fastened together so as 
to fonn a triangle in cross-section, the whole structure being attsiched 



Fig. 2.Vi. Hiimll frame for pliitiiium. Vertical aectmii. 

to a central shaft, ns indicated on the subjoined diagrammatic cross- 
section, Fig. 2.52, whore n, b, c are the three tables and d the central 
supporting shaft. The mineral is de|K)sited and cleaned on the table, 
such as a, which happens to be iipjasraiost at the time, and when 
ready the structure is turned through 120°, thus bringing another 
table, such as b, into portion for depositing mineral upon it, whilst 
the deposit on a is washed off into a trough beneath. 

A very small frame is used in the Urals for finishing the washing 
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of partially concentrated platinum sands'; it consists of wjiat are really 
two tables separated by a drop of 2 inches, the two together being 
3 feet wide and 4 feet 9 inches long. A stream of water runs on to the 
upjjer table uiwn which the sands to be treated are thrown; they are 
worked about on this surface by means of a little wooden hoc t! inches 
wide, until they are fiiirly clean, wlien they are allowed to be carried 
on to the lower table by the stream of water, and the washing is there 
finished, the clean platinum sands Iwing finally collected o#' both tables. 
It will be noticed that in tins modification the stages of deiwsiting and 
cleaning succeed each other without any break at all, and form in fact 
only one ()p<!ration. 

The constant attention needed for these ap|>lianccs together with 
their relatively small output renders their operation costly, and many 
devices have been resorted to in order to render them automatic. A 
very ingenious one is the Self-acting Frame", used in Cornwall for fine 
tin ores, shewn in Fig. 2.')4. It consists of two tables one alM)ut .I inches 
alstyc the other, botli set at a slope of als)ut 1 in 7. The pulp is 
delivered throiigli the launder A on to the hcadisjard Ji (Fig. 2.54) and 
thence on to tlic np|)er table, over which it flows, traversing next the 
lower table, the clean ore being deposited u|)ou these two tables, whilst 
the wa.ste flows off at the bottom of the lower table into the launder V. 
There is no provision for cleaning the de|K)sit, but the wiishing off device 
consists of two triangular troughs 1), l>, pivoted along the a|)ex of the 
triangle, 'vhieh gradually fill with clear water from the laimdcr K 
Thes" triangular troughs are so arranged that when full they over- 
laihince, and the water pouring out in a heavy stream flushes the tables. 
Hy the system of levers shewn, the act of tipping u]( these troughs lifts 
flic covers fiom two troughs F, F, one Ixilow each table, into which the 
concentrated tin ore is washed. The larger quantity and the cleaner 
I)art of the tin ore is deis)sitcd on the upper table, hence the contents 
of the two are kept stiparate. As scsui as the troughs />, D, have dis¬ 
charged theii contents they arc brought back to their original position 
by the counterpoise (J, when the ojteration of deiK)siting recommences. 
The upper section in Fig. 2.54 shews the frame during the de[S)aiting 
stage, and the lower section during the flushing stage. By this arrange¬ 
ment one lad can attend to 20 frames, whilst the hand-worked frames 
ne<sl from one to two lads to each frame. 

‘ The Minerai Induetry^ Vol. vi. p. 5.W. 

• Proc. [net. Meek Eng., “Oij the Mdchanieal Appliance)} used for Drewting Tin 
and Copper Ores in Cornwall,” by Ferguson, 1873,^. 119. 
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Another'automatic appliance, used chiefly for fine lead oijes, but which 
has also been used for fine tin ores, is the Propeller Knife Buddie’, 
shewn in Fig. 255. Tlie frame proper consists of a table, made either 
of plank or cement, or lined with sheet iron, finished accurately to the 
shape of about one quarter of a hollow cylinder, as shewn in the section. 
Alx)vc this a light iron frame about 6 feet in diameter rotates on a 
horiiiontal a-xis, carrying a number of scrapers or knives arranged in 
continuons spiral lines round^the frame, so as very nearly but not quite to 
touch the concave table, the frame making about 20 revolutions per 
minute. The pulp to be dressed runs in at one end from the hopi)cr A, 
whilst a stream of clear water is supplied from the trough B along the 
whole of the upi)er edge of tlie concave toble; the heavier particles 
deis)sit on the bottom of the table, the lighter waste being washed by 
the water into the hutches C and D ; the action of the revolving scrai)era 
carries the heavier iwrtion along giadually, being exjiosed all the time 
to the cleaning action of the water, until it is dischaiged well cleaned 
into the hutch E. The contents of the first waste hutch C require 
dressing again, those of the hutch D can be allowed to run to waste. 

The knife buddlc is still used a good deal in the North of England 
for cleaning fine lead ore obtained from the ordinary buddies, etc. 

Mi appliance important even more on account of its snliseqnent 
developments than on its own account is Brunton’i Cloth’’, introduced 
about the year 1(140, and still used tor fine lead orea It is shewn in 
Fig. 25(1, and consists of a wooden frame with a roller at cither end, 
over which runs an endless belt of canvas stiffened with several coats of 
paint; laths or small rollers are fixed at intervals across the frame so 
as to keep a flat upper surface. The upper roller is driven by gearing 
and causes the belt to move upwards at the rate of about 15 feet 
per minute. Ifre pulp to be treated is delivered on to the travelling belt 
at about one-third of its length from the top, whilst a supply of clear 
water rims on to it close to the top roller. 

Owing to this arrangement the films of water in immediate contact 
with the belt are not only prevented by friction from flowing downwards, 
but are actually carried upwards by the motion of the belt, whilst the 
upper films of water flow downwards at a rate regulated by the angle of 
inclination of the belt and the total quantity of water supplied to it 

The lighter portions of mineral run down the belt and flow off at the 

‘ Proe. Inst. Meek Eng.y ^Oii tlie Mechanical Appliances used for Dreiwing Tin 
and Copper Ort» in Cornwall,” by Ferguson, 1873, & 

* Proe. Imt. C. K, “The Dressing of Lead Ore^ by T. Sopwith, Vol xxx. 1870. 

’ ‘ 31-2 
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lower edge; ^he heavier iwrtiuiiH xiiik down on to the belt and, being 
carried upwardn by it, pass through the stream of clear water, which 
removes any of the adherent lighter [Kirtions, and are iiiiidiy carried 
over the to|) roller and washed oft' in a trough suitably placed into 
which the cloth dijis. These machines are practically automatic, one Iml 
licing able Ui attend to several; they are cheap to construct, take very 
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a motion at right angles to the stream of water instead of jmrallel to it 
A perspective view of it is shewn in Fig. 257'; it consists of a rubW 
bclt«27 inches wide carried over two driuns, the centres of which are 
i;t feet apart, and supported upon intermediate rollers at every 2 feet 
One of the drums is driven by friction gearing so as to give the l)clt 
a speed of about 2(1 feet jicr minute; the shaft of the other drum rests 
in sliding bearings and keel* the belt in proper tension. Botli drums 
and rollers have a unifonn slojx) from one side (the back side) to the 
front, so that tlic belt takes*this same slope. The pulp is fed on to the 
belt at its iipjjer edge, close to one end (i.e. the following end); as it 



moves along it is subjected to the action of a number of jets of clear 
water. The lighter portions of the pulp flow off at once, the heavier 
remaining on it and being carried along by the motion of the lielt 
They are thus submitted to the action of successive jets of water, which 
wash them off into various tanks, the heaviest portions resisting this 
washing action for the longest time and being therefore the last to 
leave the belt Such a belt can thus produce a number of different 
grades of concentrates as well as barren tailings, whilst the Brunton 

' 0«tlnreickurke ZeUirJi. f, Berg. u. HiM.-Wmn, “Dressing of Slimes,” by 
E. Ferraris, Vol. lui. 1894, p. 421. * 
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Belt makes concentrates and tailing only. At .Monteponi such lielte 
dress lead ores in the state of fine sands of leas than O’OC inch niesk 
' Each belt will take alsnit l a cubic feet of pulp and about i cubic 
feet of clear water [w minute; it will treat alwut S tons of sands in 
an II hour shift, and ru(|uircs lady one lad to attend to it. It is 
easily and cheaply built, and its working is said to la; [a;rfectly satis¬ 
factory. 

Tlie Kevolvlng Slime Table is known by various names, such as the 
slime bmldle, the Zenner buddle (in the ^irtli of England after its 
intnslncer), and occasionally iis 
the Harz table; the term huddle, 
as already |S)inted out, is ladter 
not applied to niidiines of this 
ty|K', but restricted totliosc working 
coarser sands in a deep water cur¬ 
rent, This table bears the .same 
relation to the flat table or frame' 
as the round huddle doo to the 
1 hi.\ huddle, and may Im hsiked 
upon theoreticidly as consisting of 
a ntnnher of flat frames set radially. 
It consists of a round table, tin 
surface of which has the fonir 
of a very flat cone, which re¬ 
volves slowly on its (vertical) 
Fig, IBS. Piagnuii Ilf iictioa (if nxis; a stream of pulp runs down 
tfviiUing slime tulik narrow segment, whilst streams 

of water of ditfercut strengths are 
allowed to run over the rest of the surface. If the pulp contains 
lisrticles of differeut specific gravities their rates of travel down the 
table will be difllirent WTiilst their motion as rcfeiTcd to the table 
will always be in radial straight lines, their actual motion in siMce 
will be com|)ounded of this motion and of the slow motion of rotation 
of the tabic, and their paths will la; spirals; particles moving rapidly 
will follow a iMth such as An, those moving very slowly a path such as 
Ab, whilst tliose having intermediate rates of travel down the table will 
follow paths such a* Ac, Ad (Fig. 258). Slimes can thus be eflicieutly 
sejiarated in accordance with the specific gravities of their component 
[larticlca, and the rotating table is accordingly a very generally 
used appliimcc for dressing Mimes. In practice these tables range 
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from 10 feet to 25 feet in diameter, the inclination o{ the conical 
surfiice being from 6° to 8°, the larger tables and flatter slopes teing 
employed for the more finely divided slimes; they make a complete 
rotation in from 1 to 4 minutes and require from J to 4 H.P. Tlie 
pulp to be concentrated carries from 4 to 7 lbs. of dry solid matter jasr 
cubic foot, and a table will treat from 5 to 20 tons in 24 hours; on an 
average a table takes 1J to 3 cubic feet of pulp per minute, and about 
an equal amount of clear water for cleaning and washing olf, the former 
of these operations taking about J and the latter akmt J of the total 
quantity of clear water. It will be understood that there is neces¬ 
sarily a great range in these general figures, l)ccausc the cajwcity and 



Fig. 2!>9. lievulriiig slime tabic. I’ersiKictive. 


mode of operation vary greatly according as fine slimes or coarser 
sands are being treated and as the minerals to be separated differ 
greatly or only comparatively little in specific gravity. 

These tables are usually built upon an iron framework, the surface 
consisting usually of segments of wood well planed and finished, or else 
of cast iron planed or of sheet iron covered with a thin layer of cement. 
Such a table as built by the Humboldt Engineering Works is shewn in 
Fig. 259. The table is driven by a tangent screw and worm wheel keyed 
to the upper end of a vertical shaft. This latter carries a light iron 
ftamework, supporting the table which is either made of corrugated 
iron covered with a layer of cement,* or else of planed cast iron. 
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There is a drcular fiinnel-shaped distributor, into which the pulp is 
conveyed by a trough, and which allows the pulp to run in a thin stream 
over a segment of the table; the aperture of this segment can be varied 
by a^usting the distributor, and is usually from 90“ to 180“, averaging 
usually about 135°; the tailings run straight down over the table and 
are caught in a corresponding segment of the channel shewn surround¬ 
ing the table. The material next passes under a series of jets which 



are atbtehed to a branch pipe coming from the annular pipe shewn as 
surrounding the shaft; the washing olf jets are attached to a separate 
pipe branching off the saine annular pipe. The circular channel sur¬ 
rounding the table is divided into three (more rarely four) divisions 
by at^iistable partitions, making as many different products, namely, 
concentrates or heads, middlings (one or two classes), and practically 
barren (idlings. Tlie following figures give the leading particulars for 
a medium siie table: * 
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Diameter of table. 

KeToIotions of table per iiour. 

^ower required. 

CoDHumption of clear water per minute . 

Capacity, according to nature and fineuese of HlimeB, 


. . 16' ()■' 

.* 80 
\ H.r. 

40 gallouH 
per 24 liourK 4—8 tons. 


Sometimes these tables are fitted with brushes to brush off the 
concentrates instead of washing them off, so as to economise «’ater or 
to avoid excessive dilution. When economy of space is particularly 
imiKU-tant for any reason,multiple tables, in two or thixs; decks, such 
as shewn in Fig. 2fi0, may lie constructed; they an?, however, cHml)er- 



somc and difficult of adjustment and their use is not to be recommended 
,if it can he avoided. They are usually built of wood on light iron 
frames; they arc best mmie, as shewn in Fig. 260, of narrow boards 
in two layers, breaking joint 

The E vani Slime Table, as built by Messrs Fraser and Chalmers, Ltd., 
is shewn in Fig. 261. It consists of a wooden table built of segments of 
pine wool! upon an iron “umbrella ’’ frame. The table is furnished with 
a wide headboard C, cut into a spiral form so tliat the concentrates are 
protected by the widening portion from the action of the wash-water 
<luring the greater part of the travel of the table. The pulp is delivered 
through the trough A and distributor B on one side (the right-hand side 
in the figure) of the vertical division L that rests upon the headboard; 
it runs on to the revolving table D, and the tailings run off directly into 
the circular launder jV, and are discharged through the pipes 0. The 
middlings are cleaned and washed off the water jets from the per- 
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funtUxI pipe Jf into another division of the launder, and are discharged 
through the pipe K into the box J. Finally the concentrates which 
have been hitherto sliiclded by the projecting portion of 0 are washed 
oil’ by the pipe F into a short section of the circular launder, and thence 
through the pi|x! I into the ls)x //, l)eing directed into tliis course by the 
dividing lx»rd 6', Tlic headlH)ard C is susiKjnded from the crossbeam M 
BO that its iX)8ition can I)e adjusted relatively to that of the table as may 
lie required. Tliis talde makes 1 revolution in HO seconds. It is 19 feet 
in diameter; tlic headlHiard on the feed side's alsmt 7 feet in diameter, 
and this diameter increases gradnally on tlic clear water side to about 
10 feet in diameter; tlic talile sloiasi IJ inclies and the licadboard 
IJ inches to the foot Its ca|«u;ity is 20 to HO tons per 24 hours. 

A Concave Table' on the same principle as the revolving slime 
table is sonietinies used, liearing the same relation to the last-named 
tliat the concave huddle does to tlic convex huddle. One foriii of it, 
ns used at the Miuinta Mines, S. Australia, is shewn in Fig, 202. 

Shranz* has introduced a table with two lieadlsiards diametrically 
opiHisitc each other on large Pdiles Hi feet to IH feet in diameter ; he 
uses curved )K“rfonited clear water jiipes for spraying the prislucts oil' 
the talile. By these means a high caiBicity is attained, but tlie con¬ 
sumption of water is considerable. At .Miililenliacli such tables with 
surfaces of cast iron and of cement arc in use for treating lead and 
zinc ores; tliey make 1 revolution in 2 niiniitcs, take (IKH cubic font of 
pulp jK'r minute, iia* 7 to 9 cubic feet of water iier minute, and treat 
14 cwt of dry slimes ]icr hour. 

It is found difficult to construct large tables of the above type, as 
they liecomc heavy to move, and are subject to jar and vibration which 
interferes with steady and accurate work. To get over this difficuitv* 
Liiikeubach^ hivciited his slime table, shewn in Figs. 26H to 265. The 
Linkenbaoh Table differs from the preceding in that the table is 
fixed, whilst the slime distributor, the clear water jets for cleaning and 
wusliing off, and the recipients for the various products, rotate; the 
principle of seiionition is identically the same as in the last case, as the 
dressing is perfonned by means of the relative motion of tbe above 
j»rta and of the surface of the table, so that it is indifferent which of 
tlie two is the fixed and which the rotating element Tlie table is 


* Zattekf. Berg. INti u. SiUm.-Wiffen. xivit \m\ \i 241 . 

* Berg. u. Hau. Ztg. \\A. ui. 1893, !>. 9i 

® Bull. Sw. Inti. Jfifl., “Note sw ie lava^ deti Minerals,” Ch, Moucliet, Sor. 
Vul vixi. I8W, |>. 527; Unkenbadi, t., Aufboreitnng der Kree, 1894, p. 527. 




Fig. 282 . Concave iUme table. Plan and sectional elevation. 
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shewn in Figs. 26.S and 264 in its usual forms; the latter illustration 
shews the details as built by." the Humboldt Company. It consists 
of a massive conical block of concrete on an iron frame, covered 
with a layer of pure cement 2 inches thick, which is brought to the 
exact shape re<inired by sweeping with a template, the slope given to 
the table A thus produced, being usually about i inch to the foot 
Underneath the table a passage, 0, is left to enable the step of the 
central shaft to be attended to. Around the table are three concentric 
cemented troughs, Q, each having its own separate discharge. The 
hollow vertical shaft B is fitted with a stuffing box at itH.up|)cr cud, 



Fig. 284. Uiikenbaeh table. I’creiHictive. 


through which it is supplied with clear water from a fixed main C. 
Ri iind the lower part of this shaft is the feeding device in the form of 
a basin P, into which the pulp to be treated flows through the pipe N, 
and which distributes it uniformly over a segment of the table of 
about 90°. Communicating with the hollow shaft are four tubular 
arms D, from which project pipes E of difierent lengths and fitted with 
taps or nozzles of variable diameter as may be required; from the 
pipes E jets of water are projected onto the table for cleaning or 
washing off the various concentrated prodm^ The arms D carry a 
collecting trough F, which is mounted km wheels or rollers H, running 
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on a circular track. Thin trough is divided by partitions into as many 
compartments as may be retiuired, from which project discharge pipM 6- 
of different length, each of winch delivers a separate product into one 
of the fixed circular troughs Q ; each of these troughs is connected 
with the tanks or launders It, which receive separately the jwoducts 
collected in each trough Q. The driving mechanism consists of an 
endless chain K which closely grije the collecting trough F, and is kept 
tight by the tension gear J ; at the opis)sitc side of the table it jjasses 
over the pulleys M and is driven by a sprJIcket wheel on the counter¬ 
shaft L. Tile hollow vertical shaft, the tubular arms and the collecting 
trough are thus rotated togctlier, making about 1 revolution in 4 minutes 
Tlic pulp fed onto the surface of the table flows slowly down it, the 
lightest imrtion on the tailings flowing the most rapidly, and therefore 
reaching the collecting trough almost o))[K)8ite the isiint of lulmission; 
the more slowly flowing middlings and concentrates will reach the 
trough only after the latter has turned through an angle that will lie 
greater in projxirtion as the rate of flow is slowcir, so^ that those 
divisions of the collecting trough that are furthest away from the 
l»int opposite to the admission of the feed, will receive the heaviest 
concentrates. The pi|a-s 0 discharge the tailings into the innermost 
trough (whence they flow off through the launder R) whilst the heavier 
constituents of the pulp are discharged into the troughs progressively 
more remote fi-om the table. 

Tliere arc a few modifications in this construction; the driving 
mechanism may consist of a wonn wheel keyed to the ujiiicr end of the 
vertical shaft, and driven by a tangent screw, as shewn in Fig. 264; 
instead of a revolving gutter with tulics discharging into each fixed 
gutter, Acre may lx; a revolving apron of widths varying in different 
|iarts, which similarly directs the various products into their resjiective 
gutters. 

A Liukenbach table working at the Vaucron' mines, 26 feet in 
diameter with its generatrix inclined at a gradient of 4'19 per cent, 
treats slimes containing H per amt of zinc and 2 to 3 per cent of lead; 
it treats 4'5 tons (dry weight) of these slimes per 8 hours, producing 
2 cwt of galena and O'S ton of blende; it requires about 11 gallons of 
clear water per minute and absorbs 2 h.p. 

Such tables have been built up to 26 feet in diameter, such a fable 
treating about 16 tons (dry weight) of fine slimes in 24 hours and an even 
larger amount ()f coarscij^teria]. 

* BtUl. Sac. fcid Mm. 1894, loc. cit 
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According to the inventor the most suitable dimensions are: 

for coarse s/imes 2U feet in diameter, slope 1 in 9, 

„ medium „ 21 feet fi inches „ 1 in 10, 

„ fine „ 2.'i feet to 2(1 feet „ 1 in 12. 

The pulp should not contain over 0 to 10 iwr cent of dry mineral; such 
a table can treat cnbic feet of such |)ulp per minute, using cubic 
feet of clear water for cleaning and alwut half as much again tor 
washing oft'the concentrates. Each toblc aj|sorbs O’l h.p. ; it can treat 
()cr hour 

of the coarser slimes H't cwt. 

„ medium „ i:i'2cwt. 

„ fine „ 12-0 cwt. 

pHsluciiig clean concentrates, Iwrren toilings and one or more classes of 
middlings. 

A view of one of these tables, as built by the HinnlK)ldt Engineering 
Co., in a somewhat imiwoved form is shewn in plan and section in 
Hg. 2(lo, these Iteing made of all sizes from 21 to .'ft feet in diameter. 
Such a mble .'t.'l feet in diameter at tlie Maria Mine near Hentlien 
trwits i;i tons of clayey slimes, contiiining 8 to 10 jjer cent, of zinc in 
the form of blende, i)cr 10 hour shift, the imsluct k-ing a concentrate 
with 28 to .to j)er cent, of zinc, whilst the escaping tailings carry t to .t 
()er cent 

These tables have also lieen built in several tiers, one above the 
other, but this arrangement can only k justified when suflicient .space 
cannot otherwise k obtained. 



CHAPTER IX. 

SlLfKINO TABLBS. 

Under thin head Kcveral macliincH have to Iw considered, which 
utilise a reciprocatiiic inotioii for tlie Ixittcr separation of lairticles of 
mineral coiivejed in thin streams of pulp as ex|)lained in the last 
chapter. It must however be noted at the outset that there are two 
types of rcciiH'oeatina: motion, which thouRh often confused under 
the term of “shakiiiR;" are yet (|uit« <liffereut in their meehaniad 
character and their eti'ects, the first beinj{ simide slmkinR to and fro 
where the amplitude and speed of the motion in either direction are 
wpial, and the other where there is marked ditterence between the 
two ; the tenn shaking; will here be restricted to the fonner ty|)e whilst 
the latter will be s|«iken of as jerking or l)nm])ing. The jirinciples 
involved have been discussed on p. liifi. 

If a particle Im placeil on a horizontal surface that receives a shaking 
motloii, the jairticle will remain at rest relatively to the surface until 
the v.'hxuty of the shake is such that the momentum of the |mrticlc 
exceeds the resistance due to the friction of the surfiicc iijam which it 
rests; the [Mirticle will then not only move with the surfime, but when 
the direction of motion of the latter is reversed, the momentum of the 
former will cause it to continue to move over the surface until the 
effect of friction brings to rest relatively to the surface, when it 
will again move with it, and so on; when these conditions obtain 
the paitaue will therefore be moved to and fro u))on the surface, 
but the motion will nece-ssarily be e()U8l in either direction and the 
particle will simidy move to and fro on cither side of its mean 

position. If a surface fm inclined in a direction at right angles 

to the direction of its motion and pulp carrying particles of 
mineral be allowed to stream over it, the result of the motion will 
simply be to agitate the imrticles. It has already been shewn' that 
particles may readily be so small as to have practically no tendency 

to sink in a fluid, though they would have even leas tendency to 

L. 23 
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rtae; tlie result of such shaking would tend to settle them to the 
Isittoin of the layer of pulp and thus to promote their separation, but 
the latter would always take place in accordance with laws of separation 
in thin films of li(|nid. 

If however the slope of the surfiice l)c imrallel to the direction of 
motion, the effect is the same as in the case next to Ite considered, 
lieiianse the force rc(|nired to move the ]»irticle down the slope is less 
tlian that rei|uired to move it ii)) the sl<i|)c, so that the sum of all 
the movements is a motion down the plrne; hence this arrangement 
tends to move tfie isvrticle down the slo|je even though the inclination 
lie hws than the angle of repose. 

If, on tile other hainl, the motion of the surface is uneiiual in the two 
directions, a difi'eietit effect is produced. If tlie motion is at different 
velocities, it is evident that a [airticle placed on the surface will l)e 
moved across the surface in the direction of the greater velocity 
(assuming this to la: more than sutlicient to overcome the friction 
la:tween the [larticle and the surface), whilst its rate of travel will 
deiKMid n|Hm the ditferenee laitween the velocities of motion in the two 
o|i|aisite directiiais. If the velocity be e(|ual in laith directions, but in 
<ine of them the swing he suddenly checked by striking against a fmmping 
hl(K:k, the motion <d' the surface will be stopped whilst the particle will 
travel onwards by virtue of its momeidnm, and will therefore travel 
toward the bumping block. In both of these cases, which are mechanically 
identical in their effect, the |)article will travel across the surface, its 
rate of travelling Iwing affected—other things lanng c(|ual—f)y its weight, 
or for i»vrticliai of e<|ual vidiime, by their densities. This principle 
thus admits of the seiairation of |»irticles of approximately (sjnal sine iri 
aiwordanre with their siwcifie giavity, and it may therefore Iw used to 
supplement the imtion of sei«iration in thin currents of pulp, as ex¬ 
plained on p. d2(i. It is obvious that if a current of pulp carrying 
[mrticlcs of mineral Iw allowed to stream over such a bumping surface, 
the heavier particles, (Kcupying the lower strata of pulp, will be 
moat affected by this bumping action, so that the heavier [jartiele, 
even of two equal falling i«rtieles, is for tsrth reasons moved further 
tlian the lighter one uiam such a surface. 

The machines tliat employ a true shaking motion form a group known 
as Vanners, the Fnie Vanner, invented alsmt 18/4, having liecn the 
first of them; it is still amongst the Ixsit and is very largely usetL jjtt; 
it practically a Brunton belt (sec p. 824) which receives a shal^' 
niotioti. It is said that the ^rst attempt to combine a shaking move- 
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ment with a travelling belt wa« made by Mr Hartwig at^Moreaiiet in 
and that thia appliance met with a certain amount of Bucceas on 
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the continent of Europe, whilet the Frue vanner was an American inven¬ 
tion. This umchine in its most modern form, as made by Messrs Fraser 
and Chalmers, IM, is shewn in Figs, i!«6,260* and a perspective vipw of 
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the name machine, but mounted on iron instead of wooden standards, is 
shewn in Fi)?. 267. It consists of an endless indiarnbl)or tel’t 4 feet wide 
with* flanges at cither side, lliis passes over a (ample of drums sui)- 



what has alread)' Iteeii said; it is 
belt, all the jiarticlea l)eing kept in 
action, so that none of the tailinp 
centrates deposited on the belt The 


ported 111 a frame about 12 feet 
long; the same frame carries a 
miiiilier of rollers over which 
the licit travels, thus securing a 
flat surface; the frame (and 
therefore the belt) slojics in the 
direction of its length, the 
ainoiint of fall iKung from .‘1 to 
6 inches; the belt is kept jmr- 
fcctlv level transvei'sclj. The 
roller at the head (or higher) 
end of the niachine is revolved 
slowly by means of a worm 
wheel and tangent screw, the 
rate of upward travel of the 
kdt thus prishiecd lieing alsmt 
6 feet per ininnte. By means 
of cranks driven oil'the lay shaft 
riinning along mie side of the 
machine, the frame is kept oscil¬ 
lating at about 20(1 strokes per 
minute, the average length of 
tlie stroke being atamt 1 inch. 
The pulp to lie concentrated 
is fed on to the licit from a 
headlaiard wdiich acts as a dis¬ 
tributor, giving a unifonn flow 
across the whole width of the 
licit. Alsiut 12 inches nearer 
to the head end the Imlt receives 
a nunilier of flue jets of clear 
water. The action of the vanner 
will lie obvious enough from 
precisely that of the Bnmtou 
lively motion by the vibratory 
may be entangled in the con- 
i^r rd motion of the heavier 
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particle* is assisted by the fact that these particles adhere to the 
surface of tlic rubber belt; this is possibly due to the difference of 
surface tension between the water and particles of light quartzose or 
earthy matter a)id of metallic Bul])hidcs resisictivcly. After passing 
the head of the machine the l)clt is Iwnt down into a tank in which the 
adhering concentrates are washed off Tlie depth of pul]) on the belt 
should be alsnit ^ inch; it takes from 0*2 to 0*4 cubic feet of pulp per 
minute and alsmt half as much clear water in addition ; it thus treats 
about (I tons of fine sands in 24 hours, amh requires J i.h.p. to drive it. 
According to cireumstanccs it may however treat from '> to K tons per 
24 hours. I'iuih machine weighs 21 to 22 cwt. and costs £12.^ 

Krue vanners are also built having belts (i feet in width, which treat 
alsait 10 tons, or e.\cei)tionally up to 12 tons, in 24 hours, with a pro- 



Fi^. -iiW. Finbrev Vaimer. Persiiective. 


imrtionally greater consumption of jmwer. Tlie so-callc<l “Improved 
Friie Vanner ’’ uses a ladt, the upper snrfime of which is corrugated; it is 
obvious that this modification, by hindering the flow of watei* down the 
surfiiw of the l)elt, enables the l)elt to lie driven at a somewhat greater 
H|tecd, and thus increases the ca|>acity of the machine. The plain l)clt 
Ih, however, UKuall}' ])refeiTe(l. 

There are numerous other vaunei**, which differ but little from the 
Frne vanner except in matters of detail. Tlie Triumph and the 
Bmbr«y Vaim«r* use a longitudinal instead of a transverse vibration, 
the imsle of action bi-ing practically the same. These machines have 
perhaps a slightly gn»tcr capacity than the Frue vanner, but scarcely 
treat fine pulp as effectively. An Embrey vanner, shewn in perspective 
in Fig. 288 and in plan and elctations in Figs. 269,269* with a belt 4 feet 
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wide, making 220 vibrations per minute, will treat from 6 to 10 tons in 
24 hours, taking O'lS to OW cubic foot of pulp per minute and about 



half as much clear 
water in addition. It 
is mmie by Messrs 
Fraser and Chalmers, 
Ltd. 

The Woodbury 
Vanner ditt'oi's from 
the last-named in that 
the l)clt 4 feet wide 
is rcplaceii by a dozen 
narrow belts, with the 
object of making the 
action more unifonu; 
it lias not come into 
extensive use. 

Bumping or jerk¬ 
ing tables fall natu¬ 
rally into two classes, 
according as the 
direction of the jerk 
is j»arallel nr at right 
angles to the current 
of |»iilj). The former 
was the earlier con¬ 
struction and is well 
exemplified in the 
old Salzburg Table, 
which has been in 
use for a considerable 
periorl on the con¬ 
tinent (if Eiiroiie. A 
modernised construc¬ 
tion of this machine 
as built wholly of iron 
by the Humboldt 
Engineering Co. is 
shewn in Fig. 270, 
and the more usual 






Fig. 271. H^nburg table. Finn, vertical section and end elevation. 

lon^ aii it is wide, su8pende<i by four chaiiiH in such a way as 
t« be free to awing to ami fro. The framework is of iron, the 


‘ Kirachner, OnoitItiMer BrznufbertUung, Pt ii. [i 91. 
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table itself being made of well-planed boards. The table is mis- 
peiided from cast iron standards usually by chains or wire ro|)es, 
so as to allow the degree of inclination to be altered as re<iuire<l Just 
below the top end of the table a three-throw c^in revolves which works 
against a tappet consisting of a piece of stout angle iron, Ixdted to the 
lower part of the frame; the wliole table and with it this angle iron are 
kept pressed closely against the cam by a strong spiral spring, so that the 
thrust of the cam takes place against tlie pull of the spring. Tlie table 
is BO sus])ended that the tlfriist of the cam lifts it slightly at the same 
time that it pushes it; hence as soon as the cam has cleared the tap|iet, 
the weight of the table together with the pull of the s|iring brings it 
latck sharply. .\ stout lailk of hard wood runs the full length of the 
table, and is securely IsJted to it; the upper end of this l»ilk is usually 
shod with iron, and at each swing back of the table it strikes against a 
massive bumping-block firmly anchored in the ground. The motion of 
the cam thus causes a slow movement in the dirwtion of the slope of 
the table, whilst the re(;oil takes phice sharply and rapidly ending with 
a bump against the bumping-block. A heavy particle ])laccsl n|H)n the 
table will therefore la’ gradually jerked up it as the result ol this 
motion. If pulp be allowed to run on to the bible from the headlsiard. 
it is obvious that by suitably adjusting the velocity of the flow and the 
force of the jerks, the lighter particles can Im caused to run off at 
the lower end, whilst the heavier concentrates will accunmlatt; at the 
ui'per end. 

The Schemnltz or Hungarian Table is practically identical with 
the alK)vc e.xcept for the bumping-bhak, which is replaced by a 
long elastic laam of wo(al. After esich jerk the table is in this con- 
'strnction flung l)ack by the recoil of this spring, a second bump ladiig 
thus prwluced, and so on, each bum|) due to the throw of the cam Iming 
succeeded by a series of bumps—usually from five to ten—of gradually 
de(ireasing intensity, caused by this ai)riTig-ls)ard. Ihe rate of revo¬ 
lution of the cam is therefore considerably slower, and the three-throw 
cam is often replaced by a single-armed one, but the total number of 
bumps, including the main jerks and the suljsidiary jerks, is consider¬ 
ably greater. Ihc mode of action of both fonns is however practically 
identical. 

Pulp Ixiing allowed to flow over the headboard of either form, and 
the table Iming set in motion, the result is the accumulation of the con¬ 
centrated material at tlie head of the board, where it gradually forms a 
firm wedge-shaped deposit; when this has reached a depth of fl U> 8 inches 
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the flow of pulp Ih stopped, and clear water is allowed to run over the 
table for a sliort time; the motion of the table is then Htopjaul, and the 
dcixwit carefully removed with shovels. The upiaw portion consists of 
rich heads, which rcipiirj; re-treatment iiism a similar table to produce 
clean concentrates; the ne.vt section is of nlsiut the same com|SJsitiou as 
the material to Iw treated and may k’ returned for le-treatment u|K)n the 
same table, whilst the lower section is [sHir and is usually further treated 
uisui another similar t4ible. .As a (teneral rule these tables are 
worked in |»titx • 

With a table fiom to 7 feet wide, from i to .‘tewt. of dry material 
can lx- treatisl |X'r hour on the avenij(e, the |S)wer consumption in- 
cn-asiiiK from J ll.r. when the table is empty to 1 n.K when it is 
filhsl. 

Some of the chief daUi eoiteerniii): these tables are iis follows: 



Fol ulilllf’. 

••'ill llllf 

liiclitiiition nf tlir tiililc . 

2 

Ti 

No. of blows jH'i' iiiiiniU' iSalzbury tiiblt*)... 

IIMI 


of throw iSalzburn taliloi. 

IT 

ik" 

NN). of (lih'i't tilowH })t‘r iiiimiU' Sclu'iiiuil/. 
tulllol. 

IH 

1*2 

No. t>f HtHioinkrv jfirks followm^ oafli iiiiiin 
blow (Hclioiiniitz tiiblt'l . 

i; 

10 

lif'iiytli of throw (Sclioiiiiiitz tiihli'i ,. 

i" 

:r 

Time r«'<|uiro<l to fill tfiblo with {iiilp cari v 
iiiji 5 to 10' of ftmci'iitraU's. 

S 9 hours 

2-- hours 

(Quantity of piil|) jH'r niiiiutt* (K'r A ftsit 
tabli* . 

j 1 ;'.l)loli 

O}, • T) f'allons 

|)rv nmtoriiil pcr^albrn of ])ul|). 

i r,‘ii)s. 

:ij. -7 lbs. 


These tables were very larjfidy used in Western (iermany and Austro-* 
Hungary, chiefly for the treatment of lead ores, and are still in use to 
some e.vtcnt; they are, however, Isdiig rapidly displaced by iiuxieni 
continuous-acting machines, their small working capacity, and the large 
amount of labour rtspiired (usmdly given as three men per pair of tables 
jx'r shift) Ix-ing grave drawl)aeka, whilst the degree of concentration 
attained is by no means correspondingly satisfactory. 

A very similar table, shewn in Fig. 272', has been used agood deal in 
Australia, whore it was generally known as the Halley Table. In tliis, 
as in tliose last descrilx'd, the concentrates aecumnlatc at the head of 
tlie table, whence they are removed with a shovel, whilst the Imrren 
tailings flow off continuously at the fixit Such a table, 4 feet wide 
‘ Louis, HatuthKii oi GM Mittlni/, Stil Kd. p .t.W. 
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by 8 feet long, working at 15(» to 20() blows with H to 2 inch throw 
per minute will treat about J ton of pulp per houf, this pulp 
being usually that produced by crushing pyritous gold quartz in 
stamp milk 

This type of table has undergone consicferable improvement in 
the Western States of America by making it automatic and continuous- 
acting; this has been done by simply adjusting the working conditions 



Fig. 272. Iliilley Table. ITaii iiiid aectiimal elcratiini. 


SO that the heavier concentrates are discharged continuously over the 
head of the table, whilst the lighter, practically barren tailings, flow 
ofl^ at the foot. Such a table is tliat known as the CHlpln County, CMlt 
Edge, or Golden Gate Concentrator, all of these lieing practically 
the sameiuachinc. A form of this as made by the Colorado Iron Works 
Co. of Denver is shewn in isometrical projection in Fig. 273, and the 
details of it in Fig. 273- : The same.finr’s “ Perfection,” Gilpin County 
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Bumpinjf Table, Ih ahewn in Fiir 274 it*. * • 

action arc practically identical Z*i T""' T ” 

All thcHc iiiachina, laHt-named. 

mw tin,c their c.«t is nuJnu!^' ‘he 

of fo ‘ona 

t«,ph.,c.l to Home extent for drcHHing coal, 



-I^i;«..e.n„y,..nent.. namely the Campbell and the Oral, 

tahle Ofeet !"• ** 

"carcHt the hm er end of the table c^n ! •"!!’ •«■''• 

«»»P«««i of a Hcrien of atcel HtritT^' • ® ‘«'»lc ia 

ateel Htn,«, forming traicverae rifflea, which 




Kis. 273. Gilpin c„m..r oo„cc.„n.tnr. l-|a„, ,i.u. n.„l ele,ati..„,. 











Fir 274. Perl^tion Giipin count, tu'bie. p,,.., ,,,, 
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moved tilowly forwards (in the direction in wtiich it slopes) and rapidly 
in the opjioiiite direction eudinn with a sharp bump. 

The coal to lie washed is sluiced on to the middle of the tabic frtim a 
bin, and a current of <dear water runs on near the head of the table. 
The result of this arnuigement is that the cleaned coal is delivered at 
the lower end of the table over the suiface of the lilileH, whilst the 



Kig. ‘.‘7(1. Oiiig ctBil wa«la»g uUe. I’laii. 

coareer dirt ia aimilarl}' diaebarged at the bend end, the finer dirt 
paaaing through the rifflea and being diacliai'ged over tlie true bottom 
of the table, also at the liead end. It is stated that this table works 
well on unsized coal under 1 inch mesh; tlmt its cai)acity is 5 to 7 tons 
per hour with a consumption of J H.P,, and a water consumption equal 
!b!il50 gallons per ton of coal. Tlie sulphur and ash in the raw coal are 
to have been lltld per be*»t and 5*810 per cent respectively, and 
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in the washed coal OftS" per cent and 4’(!00 per cent, tJiese results 
having been obtained in Pennsylvania on Vinton coal. 

llie Craig Table, Eigs. 276 and 276*', consists of a table Y-sliaped 
in plan, running niwn wheels, actuated by a two-armed cam, which works 
against a strong spring, forcing the table up the gently inclined track 



upon which it rests. It is fitted with 
tlic usual bumping arrangement The 
slope of the table can be altered by 
means of screws; the coat to be washed 
is delivered on to the table about the 
middle of its length, i.e. at the point 
where the two arms of the Y diverge; 
the dirt is washed back and discharged 
at the two upper ends of the Y, whilst 
the washed coal is delivered at the lower 
end, which forms a pair of narrow spouts. The table will wash coal up 
to inch mesh; working at 60 five-inch strokes per minute, it has 
been found capable of washing about 8 tons of coal jmr hour, and at 
Coanwood Colliery, where it was tried upon coal containing 11'51 per 

• 

* Tran$. Jn$t. Min. Eng. VoL itxin. p. 179. 
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cent of fwh.aud IW per cent of Bulphur, these figures were reduced 
to tw per cent and 1'657 per cent resjaictively in the washed coal. 

Tlic first of the bumping tsibles to use a tnaisvcrse motion was the 
Bittinger ContlnuoukTable, the invcnti<in of which almut the middle 
of tlie lllth century marked a great advance in concentrating machinery. 
In its original fonn it consisted generally of two tables side by side 
made of wcasl iiiiou a sulwtantial wooden frame, each tible licing about 
(I feet long by 4 feet wide, susiiended by four J-inch iron roda The 
table was pushed by a cam against a strong' wo(Mlcn simng, which jerked 
it liack shar])ly against a siilwtantial bumping-block. 'Ilie result of 
this motion, as already o.vpiaincd, is to move a |Kirticle lying on 
the table across it in the direction towards the bumping-block. .V 


headlward alxuit 1 foot wide feeds a 
stream of ]»ulp on to the top of the fcdile 
at the side furthe.st from the humping- 
block, whilst a stream of clear water flows 
over tlie remainder of the Uble. The 
arrangement is .shewn diagrammatically in 
plan in Kig. 2/7, where A represents tlie 
bumping-block, J} the supply of pulp and 
C the suiiply of clear water, the arrow 
shewing the direction in which the table 
is jerked by the spring. It is obvious that 
a mincial i>artiele discharged at II uiwn 
the surface of the table is carried down 
the table by the flow of pulp at a con¬ 
tinuously increasing velocity, whilst it [a 
moved across the table towards A by a 
series of ciiuul impulsea A heavier [lar- 
ticle will be carried more slowly down the 
hrble than a lighter one, and at the same 
time its momentum carrying it towards A will be greater, so that of 
two particles the heavier will move further across the table before it 
reaches the lower edge; all particles will move in paralmlic curves, the 
lightest being dischargeil at some point such as a, the heaviest at a 
point such as b, and jrarticles of intermediate specific gravities at |M>ints 
between the two. By inserting suitable divisions, any number of 
products of different specific gravities may be collected as reciuircd. 

£ ie table in one of its original fonus is shewn in plan and in section 
e line A £ in Fig. 2P8, anfi in longitudinal section on CD in Fig. 278‘, 
whibt Fig. 279 is a perapective view of it as made by the Humboldt 



KIg. 277. Diagram 
of action of Hittingor table. 




&a/f t 

Fig. 278. Kittinger taWft. Plan anil croBS-aection 
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'Engineering Co. in a more modem form, in which the wooden etandanls, 
earn, spring, arc replaced by iron parts, thus making a more compact 
us well as a stronger machine. These tables are still usually made about 
8 feet long by 4 feet broad, of which 1 f(«)t is taken up by the pulp head- 
board and the remainder by the stream of clear water. The quantity of 
pulp should lie from (I'l to O'15 cubic foot iter minute for slimes and 
alstnt twice as much for sands; the consumption of clear water in the 
former case is alsmt J cubic foot iter minute, but may lie considerably 
increased when coarser material is trpated.. The quantity of dry material 
that can Ixt treated ranges from alsmt J cwt. of slimes to about 2 cwt. of 
sands Iter hour. Aettording to the inventor the surface should have a 



Scitk 

Fig. 27S*. Rittiiigcr tiilSe. SectioiiiU siiio dcvatioii. 


slope of firom 3 to 6 degrees, and the number of blows should vary from 
70 to KMI per minute. The imwcr consumption of a pair of such tables 
is about } H.P., and one man can readily attend to two such tables. 
Tliese machines may still be tbund in occasional use, but lave generally 
speaking been replaced by others employing the same basal principle 
but having greater working caiacity. 

At Dieiteulinchen' Rittingcr tables with glass surfaces have been 
used; tliey make 260 strokes per minute and treat 120 lbs. of material 
per hour. 

Ksvan of Przibram* has modified the Rittinger table by replacing 
' Berg. \HiUt, Zig. VoL tv. 1896, p. 13. 
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the latter, 5 feet wide and 8 feet long, by two narrow tables 2 feet 
3 inches wide and 3 feet 3 inches long side by side, thrcer such double 
tabl^ being arranged, one below the other, with 8 inch drops between 
them. This coinposite'table is known as the Kavan Repeating Table; 
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it is claimed for it that it is mnch lighter than the older form and can be 
rim at 280 to 300 blows per minute as against 100; it will treat 4 cwt 
of ^ne sands per honr with a flow of pulp eipial to 2'1 cubic feet jier 
minute and an equal itupply of clear water; the (lower consumption is 
^ to i H.P. * 

The Liihrlg Vanner, which is practically identical with the Bllhan- 
Stein continuous shaking table, is shewn in Fig. 280, and the llilharz- 
Stein Table in Fig. 281, this being the form made by the IlumlKildt 
Engineering Co. It practicajly consists of a Rittinger continuous shaking 
table, the upiicr surface of which is covered by an endless indianibber 
licit, which has a slow motion towards the bumping block side, so that 
the motion of the licit su|i)ilemcnts that due to tlie bumping motion, and 
tlms assists the effect of the latter in seiiarating the heavier from the 
lighter constituents. 

As .shewn in the Figure, it consists of a sulistantial woixlcn or 
iron fmme, from wliich is suspended a liglit frame of wrought iron, 
carrying a drum at cither end, over which the rubber licit is stretched. 
The 8us]iended frame can lie adjusted at any desired angle of 8lo|ie by 
means of the arrangement shewn in the figures. The frame receives 
a scries of jerks by means of a cam or a crank at the motion end, and 
tiie licit is at the same time caused to travel slowly by the revolution 
of one of the drums. Tlie licit is supiiorted at intermediate (xiints 
by rollers in the Liihrig table, whilst in the Bilhara-.Stein table it 
rests iqion wooden laiards, with griMives cut into their iipjier surfaces, 
down which water is allowed to flow so as practically to keep the 
licit floating and allow it to move with very little friction. Ihc pulp 
is delivered over a headboard close to the motion end, clear water to 
•wash the heavier |Kirtions left on the belt, and ultimately to wash them 
oft' the licit, licing supplied by the diagonal pi(ie shewn, which is suit¬ 
ably perforated. Along the lower edge of the belt are a numlier of 
rcecptacle" or usually one long trough divided by partitions into a 
number of compartments, through which clean concentrates, middlings 
(often 2 or 3 grades) and waste are allowed to flow off. The great 
advantage of this machine is that it enables as many different grades 
of product to be obtained as may be desired. 

The Liihrig vanner has usually a belt about 12 ft. long by 3 ft. 0 ins. 
wide, travelling at 8 to 10 ft per minute, and receiving about 180 bumps 
per minute, the length of stroke being § to J inch. It will treat from 
3 to 8 tons per 24 hours, with a power consumption of J to ^ ap. and 
a water consumption of 5 to 10 gallons o| clear water per minute. The 
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Bilhara-Stein table has a 3 ft. belt and is worked at about 16() impulses 
]jer minute • Its ca|iaeity is from 3^ to 7i tons jwr 24 hours with a 



power eousnmption of about J H.K and a water consumption of 7 to 
11 irallons per nuirate. At Miihlenbach' these tables work at 2(K) strokes 


Berg. m. Hi^l. ZUj. Vol. lv. 1896, p. 15. 
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per minute, the rate of travel of the l)elt Iwiiig 11 ft |)er miimtc f it treats 
4J cwt. jjer hour with a clear water consumption of about *12 gallons j)er 
minute. 

The Wllfley SUme Table, Fig. 2(12, is a somewhat similar machine, 
except that the continuous Ixilt is replaced By a number of ac)mrato 
shallow trays or comiwrtments, the bottom of each of which is covered 
with canvas, linked together so as to form a lx;lt, the long axis of the 
tray lying across the wi<llh of the belt and therefore at right angles to its 
direction of motion. Each ywy nnjkcs a complete circuit of the machine 
in about half an hour and receives alsiut 1(10 impulses per minute. The 
gradient of the tniys and the flow of water are so adjusted that the 
lighter worthless portions flow off the trays, whilst the heavier slimes 
remain on the canvas surface and are washed off as these pass to the 



Fig. 2S2. Wilfiey sliino tniile. l’erH|K*ctive. 

• uiidersidt of the machine, whicli thus makes only two grades, niunely, 
concentrates and tailings. Its cajiacity is said to lie 1'> tons in 24 hours, 
and its iK)Wor consumption I ttP. This machine is comiiaratively novel 
and lias n' t yet been introduced into general use. 

An important group of machines has come into extensive use within 
recent years, the precursor of all of which has been the Wilfley table, 
this being the first to introduce certain novel principles. Tliis table 
consists essentially of a Rittinger table, the upi)er surface of which 
is covered with a series of gr(H)ves or riffles at right angles to the 
direction of flow of the pulp, these grooves being deepest at the end at 
which the pulp is admitted and gradually running out to notbing at the 
further end. The motion is not a true bump, but its eifuivalent, produced 
either as in the Wilfley table by a quick forward stroke and slow return, 
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or as in the Fcrraris table by a throw upwards in one dijwtion and a 
movement downwards in the other. 

tlie Wilfley table is shewn in plan and section in Fig. 283 and in 
perspective in Fig. 284. It consists of a trapezsidal table, the shape of 
which is indicated in Fig 283, l)cing somewhat narrower at the iipiier 
than at the lower end, and alxnit 16 ft. long by 7 ft. maximum width, 
its length being not as in the Rittinger table in the direction of 
flow of the pulp, but at right angles to it. The table is supported 
so as to 1)0 capable of moving frfiely, and is moved by a link motion, 
which gives it a (puck throw forward—i.e. away from the motion end— 
and a slow movement Ivackwiirds. The table is covered with linoleum 
and sloi)c.s upwards from the motion end, the total sloix* l)eing alwnt 



Fig. 2S4. Wilfley tahle. I’ersjieetive. 


i inch; on the table are nailed a series of strips of wood, alioiit | inch 
wide which gradually increase in length from the upjjer to the lower 
edge of the table, oc-enpying nearly the full length at the lower edge. 
These strips are J inch deep at the motion end and taper out to a 
feather edge at the discharge end, so that the riffles formed by them 
gradually decrease in depth from | inch to nothing, the upper surfaces 
of the wooden stri|)s being nearly horizontal. The table also has a slope, 
adjustable at will, from the back to the front edge. The pulp is delivered 
over a headboard about 3 feet wide, close to the motion end, the rest of 
the table receiving a supply of clear water. Assuming the table to be 
in motion, the pulp flowing down fills successively the deep ends of tlie 
ritfies; in each riffle separation takes plane, the heavier particles sinking 
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to the Iwttorn of the riffle and being gradiialiv along it, whilst 

the lighter particles overflow from riffle to riffle nw* A®'*' off at the 

lower edge, the pulp having thus to undergo coiKj;IS^tion in each riffle, 
so that the escaping wjistt^ toilings cannot easiljV'X'’ oil entangled 
|)articlcH of heavier iimtcrials. The tailings arc tliW'”'® usually clean 
enough to Ik) allowetl to run at once to waste, 'rweavier luaterials 
accumulate in the riffles, chiefly of course in the ones, and arc 
caused to travel along these by the jerking action of iMy^HliUleney 
have reached a isn tion of the riffle so shalll)w that they can be carried 
over by the stream of clear water into the next hiwer, and so on. The 
idtiinate result is that the heaviest particles are discharged from the 
riffles at their ends, whilst the lightest run straight across the toble, 
intermediate pnsincts Iwing obtained at intermediate laiints. A certiiin 
pro|K)rtion of middlings is collected by a raff wheel, and returned by it 
to the headboard, although the utility of this arningement is o|>en to 
question. This arrangemeut of riffles, combined with the great length 
of the table in the direction of mechaniral motion thus accentuates the 



effect of the llittinger table and causes the Wilfley table to be a far 
more efficient machine, separating the difterent classes over a gi'eater 
distance. It also allows of a greater speed of working, and thus pro¬ 
duces a marine of large caimcity, which, when once a(\ju8tcd, requires 
very little attention. It can tieirt coiniwrativcly roughly sized stuff, but 
is not suited to fine slimes; it can treat particles up to J inch in diameter 
(juite successfully, llic machine makes on an average 240 three-quarter 
inch strokes per minute, and requires rather over 1 H.P. to run it and a 
supply of water varying from .> to 20 gallons ])er minute according to 
the nature of the pulp treated A table will treat on an average 30 tons 
per 24 hours, but hiui been known to deal satisfactorily with more, up to 
50 tons having been treated on one table. The machine weighs 22 cwt. 
and costs about £00. 

A table working on simila* principles is the Buu Table, or LiUiriK 




/Shaking Table* 867 

Vanning Table. It is shewn in Figs. 285 and 285*. Tlie table's moved 
by a simple eccentric, but as it is supported on springs which sIojkj 
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linoleaiu; the patentece fttate that it may cither be used plain (like 
the Ritthiger table) or provided with rifflai (like the Wilfley table), the 
latter bciiiK the more usual arraiiKeraent. The riffles are set oblupiely 
across the table sloping downwards from the motion end, for alsint 

f of their length, and then 
slo|)e still more rapidly to¬ 
wards the lower edge of the 
table, Ixiing carried out (piite *■ 
ft) the edge. The surface of 
the table is 16 feet long, and 
it is 7 feet 6 inclics wide at 
tile motion end and 4 feet 
6 inclies at the discharge 
end. It is supisuted u|h)ii 

■ 16 springs made of ash 
£. pivoted at their lower ends. 

I and the stroke of the eeeen- 
^ trie is viiriable. The s|)eed 
: at which the table is run is 
5 ‘JM to iiMI strokes per 
; minute; its [Kover eonsuiiip- 

■ tion is given as } to | H.l" 

I ami its W!itcr consumption 
^ as 6 to 9 gallons per minute, 
s Its weight is tons and its 

price is £H(). It is said to 
be cai)able of treating 12 to^ 
66 tons per 24 houiu From 
datapublishedby Mr Dietzseh 
of the working of eight such 
tables at the Flittei’s United 
■Mines', (Joniwall, it would 
.seem that each table there 
tieaterl about Hi tons of ore 
I>cr 24 hours. 

Tlie Ferrarli Table, Fig. 2tt6, is very like the last, laSug supported 
and driven in the same way; the surfaa' is also covered with linoleum and 
supplievl with longitudinal riffles. It is built by several makers, among 
the best known lasing the Krupp Grusonwerk Company; tliey make two 

‘ yVuMt. /hH. Mtl. Vol. XV. 1905-S, p. 2. 




Shaking Tables 



sizes, a larger for saTids. and a smaller for slimes, 'flic fonner is 
rectangular, 11 feet 0 inches by !i feet, makes :M0 strokes and re(juire» 
from 5 to 9 gallons of clear water per minute ; it takes } h.p. to drive it 

24 


and its capacity is fW)in 9^ to 14^ tons jici’ 24 hours. Its weight is 
aliout ij cw{. and its price is about ,£!)0. 

Tiic smaller table is tra|K“zoidal, 9 feel long by 4 feet 6 inches wide 
tapering to 2 feet 9 inches; it makes 3fl0 8trokes.and requires 2J to 3J 
gallons of water j)er minute; it requires | H.P. to drive it, and it will treat 
!t to 1(1 tons |)er 24 hours. Its weight is alsmt I ton and its price about 
X(i7. 

The Overstrom Table, Fig. 237, is carried on rollers, is rectangular, 
and has riffles sloping in the opjmsite direction to the Buss table, i.e. 
upwards from the motion end. * * 

The Bartlett Simplex Concentrator consists, as shewn in Fig. 2K3, 
practically of three narrow Ferraris tables, placed one above the other, 



Kig.‘iHS. Hiirtlctt sinij)k‘.\ cniicoiitratcr. IVi-spcctivo. 


so that the maU'rial to la' dressed undergoes treatment at three 
successive levels. , 

llie surface of the table is covered with solid indinriibl)cr in which 
the riffles are moulded, there laiing on each deck 13 riffles, 1 inch apart, 
i inch deep at the feed end running out to nothing at il inches from 
the discharge end. 

The overall dimenshms of the tiible arc 12 feet 4 inches long by 
6 feet (i inches wida It is usually run at 240 to 2.50 strokes per 
minute with a one inch or 2H0 to 300 half-inch strokes. It takes i H.p. 
to drive it, and will treat on an average 2fi tons per day. It weighs 
about i tun and its price is almut X7o. 

It is manufactured by the tlolorado Iron Works Conqany of Denver, 
Colorado. 

Another table of this class is the Oammett Table made by the Denver 
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Engineering Works and shewn in Fig. 289. The table is recta|^gular in 
plan, about 16 feet by 6 feet and is covered with painted canvas; it is 
supported on slides so as to swing steadily to and fh), the motion being 
given by a crank and* slotted link, the table teiiig kept up to its work 
by a spring. It is said to take to dri^ it, to be able to treat 
stuff from mesh down to slimes, with a capacity of from 16 to to tons 
per 24 hours and a consumption of wasli water ranging from ’> to 20 
gallons iKjr minute. It weighs, complete, about a ton, and costs about 
£90. 

Several rotatory sliakiug tabfes liave Ikhmi devised, which may bo 
stiid to liear the siune relation to vanners or to the llittinger table that 
the Liiikenbacli bilile does to the flat table or frame. 



Fijf. Caminctt table. I’ersjHJctive. 


The l)est known (if these is the Bartsch Table', Fig. 290, which 
• though i! has uot come into extensive use, is well spoken of. It is eon- 
.structed like the Linkenlrach table (see p. 330) with a rotating headlxiard, 
collecting gutters, water sprays, eta; the table, however, instead of 
be! ig ffx'sl. is carried on rollers or sjirings and receives a aeries of 
tangential impulses or bumps, produced by the motion of a cam shaft, 
the cam thrusting the table steadily against a spring, which jerks the 
table back sharply, the direction of the jerk licing opisisite to that of 
rotation of the headboard and fittings. The headboard consists of a 
circular trough perforated for about jj of its periphery; the pulp 
escapes through the perforations and flows directly on to the table, 
down which it runs, the lighter portions running down almost radially; 
the heavier portions, flowing less rapidly, remain longer on the table, 

' ZeiUcli./. Berg. HvM. u. Sal.- Wmn, 1893, p. g()7; B. u. H. iitg. Vol. Lii. 189.3, p. 175. 
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Fig. 290. Bartsch table. 
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aiid are therefore exposed for a lonjuer {leriod to the action of the 
impulses, which carry them to a greater angular distance from the [mint 
where they are fed on, before they flow olT at the outer edge of the 
table. The action is thus practically that of% Liihrig table in which 
the impulses arc tangential, whilst the surface of the table rotates 
relatively to the {xisitioii of the headboard, clear water feed and 
receiving launders, instead of lieing in linear motion. It is obviously 
unimportant as far as the priiiciide of the machine is concerned, whether 
the surface of tlie Pible nS)ves whilst the fittings are at rest, or vke. 
verm. .\ Hartscli table 1.’! feet in diameter is (»|)able of treating!) to 
10 cwt. |)er hour; it weiglis alsait oj tons and costs about £200. 

The Sparre Table was an earlier form, practically identical with 
tile Ikrtsch table ; it appears never to iiave come into extensive use. 

A small machine, working on a somewhat similar |)rinciple, known as 
the Hendy Concentrator, was at one time extensively used in the 
Western States of North America; it has however gone entirely out 
of use. 



(;UA1‘TER X. 

• ( 

I’XKl’MATIC SIA’AllATIOX. MAGNETIC SKl’AUATIOX. ELEC- 
TllOSTATK,' SEI’AIIATIOX. SEPAKATIOX BY SURFACE 
TEXSIOX. 


I'nkitmatk; Skpauation. 


I'nkcmatk; scluiratioii in tlie tunn applied to the se|xirati(iii efbodlea 
iiKiviii)' or falliii)' in !iir, in eontradistinetion to hydraidie ncparation, 
wliere the medium in wldeli the aetion takes place, is water. 

It has l)cen shewn in Chap. V,)). i!2h, tliat two sjiherieal bodies will be 
eapial-falllnn if their diameters and speeifie (jravities are to each other 

« t S\'“ H 

ill the ratio , * , where />. />i are the diaiiieterH, and N, tS, the 

y>i *s -« ’ 

H|Kaatie gravities of the respective particles, and « the density of the 
medium in which they fall. Therefore in an aggregate of [lartieles of 
density X and X, (X ladiig gretiter than X,) and of all sizes ranging from 
the smaller diameter D to the greater />,, all the particles of the lieavier 
material will fall faster than any of tliose of the lighter, provided that 

it, is less than /> so timt the smaller the fraction f'” *, the 

X, - s X,-.U 

greater can Iw the diHereia:e in diameter of the particles without inter¬ 
fering with the completeness of the separation, or in other words, the 
more efiieient the sepanition. When the medium through which the 


particles full is water, this fraction Incomes 


X-1 

X.-l 


whilst when the 


medium is air, it l)eeomes ‘ , and as the former fraction is uecessarilv 
X, 


smaller than the latter, it follows that ])ncumatie separation can never 
Ih) as efficient as hydmidic sc()anition, (piite irrespective of the merits 
of the mivchines employed. Furthermore pneumatic separation is only 
possible when the iiarticics are thoroughly dry, so as to have no 
tendency at all towards clogging or clinging together. Since tliere are 
very few mining districts that produce such absolutely dry material, the 



Pneumatic Separation . 375 

« 

scope of the application of pneumatic separation is limited, unless 
th^ material to be treated be artificially dried, a process that is always 
a somewhat costly one. Finally the cost of dry crushing is always 
greater than that of wet crushing. Accordingly these three inhoi'cut 
drawlmcks, the lower efficiency of the sepanvtion, the need for jierfcctly 
dry material, and the c.v|)ensc of dry crushing, have caused pneumatic 
concentration b) l)e coiifined to certain practically rainless districts such 
as Western Australia, .Arizona, etc., where the great scarcity of water 
makes it im|)ossible to employ hycfraulic scjairatioii. 

The advocates of pneumatic se|)ar!ition claim that the greater mobility 
and lightness of air as compared with water is an advantage, as it enables 
lighter inaehines to be used, and these to la' run at higher sjaeds; dry 
fine sands form a loose mass, readily lanietrated by compressed air, whilst 
they |iack tightly under the action of water, c,g. on a jig la'd, so that 
much finei' sands can la- treated pneumatically thiui hydraulically; 
furtliermotc tine slimes are a|it to be carrieil off by a stream of water 
that would be .saved in air. They also jsiint out that air forms a medium 
everywhere (ditainable, not liable to freeze, and exerting no chemical 
action upon the ndncrals. 

It is d(jubtfnl whether all these claims are well founded, and in any 
case it is certain that iji practice they have la'cn found not to (aitwcigh 
the disadvantages above emimerated, 'flic views held by most aiithoritieH 
on the subject of [ineumatic concentration have bta'ii well summarised 
by In .lames l>ouglas' as tbllows: “the result has generally proved so 
much less peifect than that attained by wet concentration, and the 
maintenance of the machine in repair so much more costly, that the 
system, vliatever support it may (d)tain from theory, has not made 
headway shere water is available." 

I’ncumatie separation will therefore lie but briefly considered 
hcri 

t'arioUB principles arc employed in pneumatic se|»iration, which 
are counterparts of those already considered under hydraulic separ¬ 
ation. Tlicse principles are: 

I. Submitting the material to lie dressed to horizontal currents of 
air, when the lighter will be carried further before they fall to any given 
level. 

II. Submitting the material to intermittent currents or puHs of air 
in a more or less vertical direction, when the heavier particles will fall 

* Tram. Atner. Inst. Min. Eng.^ “American Improvements and inventions in tlrc- 
cmstiing and Concentration,’' by .Tames Pongios, Vol. xyi. 1H94, p. 328. 
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HfjaiiiRt the puftH.ef air more rapidly than the lifflitcr particles; this is 
iiKiially spdken of as pneumatic jiKsiofr ' 

in. Projeetint; the material to l)e seiairated through the air, when 
the heavier jairtieles whl Iw earried a greater distance than the lighter 
ones—provided of course that the very fitie dust, that has little or no 
tcudeiiey to fall, l)e removed. 

IV. Keeiiiug the mineral particles in a state of mobility by ascending 
air enrreuts, and in this condition submitting them to bumping action 

» f 

on a shaking table. 

A few examples of appliances employing each of these principles will 
l)e considered. 

1. Methods depending on the application of horizontal air cur¬ 
rents. 

One of the most elementary methods is the so-called " Dry-blowing” 
formerly practised, e.g. in Western .\nstralia‘, which consisted in tossing 
>ip the fine portions (jf anriferous alluvial into the aii’ when a breeze was 
blowing; the wind curried away the lighter materials whilst the heavier 
gold dropiasi straight down and was caught. Some simjile ma(diines 
have laten devised in which the steady action of a blower is snlwtitnted 
f((r the capi'icions etfect of the wind ; these take the form of a (lair of 
ladlows or a small handblower sending a blast across a tray furnished 
witii transverse rilties. or some cHinivalent (ievice, for col^ting the 
heavier material, whilst the lightei' is Idown away. ' 

Kdison hivs used this principle In conjunction with magnetic 8ei)aration 
for removing the liglitcr and finer particle.s, whicli contain a larger 
|iroportion of apatite, fi’om the heavier grains of iron ore. He allows 
a stmim of ore to fall in front of a series of practically horizontal blastsi 
of air produced by a lilower; the lieavicr grains fall almost sti'aiglit 
down, being dcffected but little from their ]>atlis by the blast, whilst the 
lighter is carried into dust chamlrers where it collects, or is blown straight 
out into the air. 

A very similar arrangement was used in conjunction with an appliance 
known as the Niagara Pulveriser, a dry crusher, the product of which 
was seiiaratcd into grades by an air-blast, carrying it through a number 
of (Hfferont chamlrers. 

The aaine principle has Iteen applied to cleiuiing coal, e8[)ecially in 
(Jermany. 

Hochftraate’i Appantui at the Kheinpreussen Colliery fur the 

* Tranf. Atnm. In»L Min. Kng^ “The Alluvial lH.'po8it« of Wcateni Australia,” 
by T, A. Kickani^ VoL I8y8. p. 50;*, 
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ti^tment of flue coal is shewn in Figs. 291 and 291‘'. It is appli^ to coal 
tha| has passed through a screen of 1-6 inch mesh; this is fed into a 



0-28 inch, 0 47 inch, (ce/ inch, and (r87 inch respectively. Each of these 

Z$it$ch. /, Btrg, Hiiit. u. /Soi.-H^et nr i«ao u „ ou<i /> 
and 7959. ^ P’ 3432 
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pasw* to H Htiwtrate pneumatic apparatus. Tlie entire mass of falling 
coal slides down an apron P, at tlie bottom of which it is caught l}j' a 
blast of air coming from a fan ;t through a narrow slot d, and is carried 
thereby up a liox e iueifned at an angle of 60° and of such width that 
coal particles over (l•(lli inch in diameter, together with correspondingly 
smaller particles of shale, etc., are deposited. Iron bars g are so placed 
that the blast is much feebler along the lower wall of the Isix than 
elsewhere, so that these particles c!in roll down, behind the partition b. 
At the end of the inclined box there is a x’ertical wall / against wdiich 
the flat scides of shale strike and dnip clown with the other particles. 
All these Iscxes ojien into a common air-chamlier e, which is divided 
into three eoui|)artments, in which the tine coal dust is deposited, and 
whence it is removed by screw conveyors. The clean dust-coal thus got 



Ki],'. ■iUI", llufiistncite ilfv ccnil I'lciiiiin;? nmcliiiio. I'liiii. 


forms alsiiit I of the whole, and is side! to Iw sjcecially valnidcle in the 
mamifiucture of coke. The coarser portions are treated in the hydraulic 
separators, the construction of which will la' evident from the diagram. , 
An almost identical appliance is used at the Zollverein Colliery' in 
Kssen, where dust up to tl'oit inch in size is blown out from the coarser 
coal by a I’elzer fan. It lacsses into a lai.x inclined at -1')°, down the 
bottom of which fine coal fi'om O'Ki to iron inch in size rolls, whilst all 
bidow irlii inch is carritsl into an air-charala'r of 2, ">(111 cubic feet capacity; 
the finest material sr'ttles here and is removed by a conveyor lielL 
The Hia'hstnuite apjxiratus has undergone some modifications, 
which are stated to have improved its efficiency. The improved form 
is shewn in I’ig. The undeisize from the trommel F, with screen 
of U'211 inch mesh, drops at A past a blast issuing from an opening HO 
inches by 4 inches; any coal that falls past this blast fidls down the tube 

* ZtiUch./. Bgrg. Hint. u. Wftfn. Vol. xxxv. 1887, II. p. 284. 

' Ibid. VoL lui. 18W, B p. 
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C and is exposed to a second blast at A' througli an opening KitAiiches 
longhand 1'6 inches wide. The heavier particles continue their fiill 
through C into tlie wator-trough I ); the lighter particles are as before 
carried by the blasts up the inclined boxes f/iund W, into the dust 
chamber E. 

II. Very many machines working on the “air-jig " principle have 
been devised, but none seem to have come into pennanent use. 



Tlie Paddock Alr-Jlg', Fig. 29.'l, consists of an inclined bed fonned 
of an iron grating over which a piece of stout cloth is firmly stretched, 
held ilown by a diagonal grating of brass stri|)s, the distance apart of 
which varies with the nature of the material to be treated, and above 
this is a second grating, almost at right angles to the lower one. 
Below the bed are bellows worked by eccentrics, cafwblc of ready adjust¬ 
ment, and giving frun 400 to .VIO putts of air per minute. There is a 

> Eng. and Min. Journal, Vol ILU. ISSB, p. 7; Jraiu. Amer. hut. Min. Eng. Vnl. 
Tin. 187W, p. 14S Eng. and Min. Joamat, Vi4, liv. ISP^ p. l.Sn. 
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Iiopi)er*ttt t^e head of the lx)d through which the material to be treated 
is delivered on to tlie bed; under the action of the puffs of air^ the 
heavier material settles into the lower grating f:^' which it is guided into 
its discharge, whilst finfer-ltars separate out the middlings, and the lighter 
tailings are discharged sej^i-ately, from the uj)i)er grating. The machine 
is said to have treated successfully material ranging from up to 
HO mesh ; Ijeyond the latter the machine did not give satisfactory 
results. 'Idle finer sizes can lie treated at the rate of 1000 to 1200 lbs. 
and the coarser at the rate of I.IOI) to SlOO 11 k j)er hour. 

The Krom Pneumatic Jig', h'ig. 2i)t, consists of a bed composed of 
hollow bars of this section n, made of bra.ss wire sieving, placed from -(j to 



Kijf, l'n(liliK-k iiir-ji;;. I’ersimctivu. 


1 inch apart, the lower portion of the interspaces la’ing tilled with strips 
of wood so that air can only enter through the hollow bars. The air is 
supplied in puffs at the rate of about ."iOd [ter minute from a small fan, 
which is sua[)endisi and caused to vibiate. The bc-d is alM)iit 6 inches in 
width; at one side of it the ore to be dressed is fed in through a hopper 
and in its passage across the bed the heavier portions settle down between 
tho bars and fall Into a reservoir Mow the Ited, which is always kept 
full, material being discharged from it by a riblaal roller. The lighter 
tailings arc discharged over a tailb(»vrd at the opposite side of the 

* Tuitetl (^nteimial Commiwiun, liitcniutioiia] Exhibition, 1876. Reportt 
aN<iGnmp 1. p. ^ 
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Bcrceii, The machine weighs 1200 11*. and is said to be capable of 
treating frOin to 12 tons per 24 hours and to require j aP. It is said 
to be ciijiable of treating material as fine as 140 mesh. > 

The WetzlarTierra Seca concentrator, Fi)f 205, consists of a bed of 
corrugated jierforateiiVietal upon whicli rests a layer of suitable material, 
corresjsjiiiling to the lied of an ordinary Karz jig; copper shot has been 
found fii answer most purisises, An intermittent current of air is drawn 
through the lied by means of a fan. The material to lie treated is 
delivered on to the lied from a hopper, and as it passes over the bed 
tlie lieavier particles fall through the latter and accumulate in a Ixix 



Ki;i;. 21N>. sejiuriitiir. 

lieneatli, whilsl the lighter tailings jiuss along and arc discharged at the 
lower end of the lied. The largest size machine was stated by the 
inventor to have a eaiiaeityof 20 hi .’to tons iier 24 hours, and to require 
} H.P. to work it. 

111. A few centrifugal sejiarators have lieen tried, but apjiear not 
to have met with mueh succesa 

The. Pape-Henneberg sejiarator', shewn in perspective in Fig. 296, 
and in plan and vertical section in Fig. 296‘, consist* of a disc of steel 
plate, 1« inches in diameter, which revolves about a vertical axis at the 
rate of 2000 to 40tK) revolutions per minute; over this is a fixed plate 
' Outtr. Znlteh.f. Bnr^ u. lliUl.-Wmii. ISM, p. 528; 181H, p 88. 
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6 ft. 6 in. in diameter, through which the shaft of the revolving disc 
passes, the bearirigs being thus readily accessible.. Tliere are also 
opepings in the upper disc through which the material to be treated 
is fed from hop|)ei's oi»to the revolving disc. The latter is surrounded 
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Fig. 290*. Pape-Henneborg sepanitor. Plan and vortical section. 
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by a nOjnber of concentric troughs, the largest lx;ing 20 feet in diameter. 
The ore thdt drpjw on to the rotating disc is flung outwards and is 
collected in the concentric troughs, the heaviest iwrticles l)cing in those 
of largest diameter. Uotating semiters push the collected material 
through openings in th*e Istthinis of the troughs. Beneath the rotating 
disc is a vertical ])ipe lemling to an exhaust fan, which draws off all 
the very fine ilust, and which, by creating an air current that opjsjses 
the motion of the |sirticles, iinjiroves the se])amting action. The con¬ 
tents of each ring can Ite separated by sizing into heavier and lighter 
particles. The capacity of tlie machine is* said to l>e 24 cwt. ia;r hour 
with a iM)wer consumption of :) h.p. This appliance has Ijeen tried in 



Pig. 2!I7. Pljtrksdii-Stuiilit'h] sciiiiraUir. rorHjiective. 


many jdaces, notably in Western .\ustralia, during the years 1 ( 191 — 94 , 
but apiKuirs to have lieen altogether aliandoncd. 

The Clarkion-Stanfield concentrator, .sliewn in jH‘rs])ective in Fig. 
297 and ii] diagrammatic section in Fig. 29(1, was tried for a while alsiut 
the year 1B99 in North W ales. As shewn in the figure, it consists of a 
grooved disc alsiut 20 inches in diameter, revolving at a high s])ccd about 
a verticid axia ()ver it there is another disc connected with the lower end 
of a hopper frvan which the finely divided material, closely sized, drops on 
to the revolving disc. TTie ]airticles are projected radially and those 
of highest Bjiccifie gravity are thrown furthest from the maehine liefore 
they drop; the diftemit products are collected in annular trougha 
It is stated that one of these machines a feet in diameter can treat 
50 tons of mineral in 24 hours with a power consumption of 3 h.p. 
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IV. A certain number of appliances combine the actien of a 
shaking table witli that of an air-jig, or use piifl'a or currents of air 
to keep the mineral [tarticles in a state of mobility, whilst the actual 
sc[)aration is ctfectcd'tnainiy by the shaking |ction. 

To this class Ijclongs the Sutton-Steele table' shewn in longitudinal 
and transverse vei-tical section in Fig. 21)!). 'lids is arranged somewhat 
like a Wilfley shaking table, the inclination from Iwck to front l)cing 
ailjustable, whilst tlie tlwow is produced by a Ciim working ngairiat a 
Irell-crank leviT, and thus jompressing a spind spring that jerks the 
table Imck. Tlie top of the table consists of woialcn slats, Ixincath which 
is an air-clianiber that I'eceives a steady blast of air from a fan; upon 
these slats nsts the true table top consisting of (‘loth readily iKTyienB to 


I 
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air, whilst on this again are fastened tafiering riffles, exactly like those 
of the Wilfley table. Ditfere))! grades of cloth arc used to correspond 
Vith the hocness of grain of the material treated, and the arrange¬ 
ment of the riffles can also Ire varied as desired. It is goierally 
worked with a very low pressure of blast—alsnjt i oz. to the square 
inch- and i run at alsrut 400 impulses per minute. It is said to have 
given very good results in separating lead-zine ores. 

MAGKBrric Separation. 

The possibility of the magnetic separation of minerals depends upon 
the manner in which minerals are affected when placed within a magnetic 
field. Faraday enunciated the important principle tliat bodies brought 
within a magnetic field will tend to move from places of weaker to 

> Etig. and Alin. Journ. Liiii. 1906, p. I|D3. Brit Pat 17,661, 1906. 
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which it acts iH)on another pole at a given distance (the unit of strength 
being that of a pole thus capable of exerting a force of 1 dyne at a 
disblnce of 1 centimeter) or as it is often sbited a magnetic field of 
unit strength is one that contains 1 line of fyce jx-r s(|uarc centi¬ 
meter; the field strength is usually denoted by H. Such a magnetie 
pole is ea|)al)le of indueing magnetism in a Imdy jdaced within its 
magnetic field, and the magnetic flux or magnetic induction jicr 8(|uare 
centimeter is usually denoted by H. The amonnt of this magnetic flux 
do])ends, other things being eyual, iijs)n a pro|Krty of the body known as 
its permeability, in virtue of which it allows a greater or lesser number 
of lines offeree to pass through it; the |)ermcability of air is Pikcn as 
the unit, and the iHJi'ineability of othei' bodies is denoted by /i. 

Hence yj h'r air = 1, 

The intensity of magnetisation of a Isaly placed in a magnetic field 
or its magnetic moment per cubic centimeter (= isde strength i)er s(|. 
ectitimeter) is detioted by /, and the force with which a magnet attracts 
the laxly may 1 k‘ taken as i)roportiotml to /, provided that it is permissible 
to neglect the effect which the laxly may exert upon the strength of the 
magnetic field; this is ))raetically always the case in magnetic se[»aratioii, 
wlierc the strengtli of the tnagtietic fields etnployed is very great relatively 
to tlic magnetism induced iti tlie particles of mineral. The magnetic siis- 
eeptibilitv of a laxly is tin: ratio of the intensity of magnetisation to the 
strength of the magnetic field producing it, or denoting tins susccptilulity 

by K, K - jj. The magnetic flux is due to both strength of field and 

intensity of magnetisation, so that 

• 

B=H + fir/, or n = ] + iwK = 1 - 1 - Igy'iBfi*. 

Under the ordinary circumstances, such as obtain for example in a well 
constrocted (''-ctro-magnet, the [xirmeability of good soft iron (the most 
permeable bo<ly known) is about 2(100, but fi is not a constant, and for 
the same piece of iron under different conditions it may range from less 
than 2 to over .jOOO. In the ease of iron, which has been most studied, 
/ attains a maximum value with comparatively low values of H, so that 
H increases lapidly at first ns H increa8e,s, and then diminishes almost as 
rapidly as H continues to increase. The magnetic susceptibility of a 
body de|x;nd8 therefore not only on the substance itself but uixm the 
conditions to which it is ex[K)8ed; hence determinations of the suscepti¬ 
bilities of various minerals can only be tal^n as general guides to their 

25-2 
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bcliavi(Air ii) ii inatfiietic field, the iiuiiiericnl detenniiiatioiis holdiug good 
only for the s|icctfie eoiiditions of each experiment. 

It ran however be «tated generally that if two partieles of mineral of 
ditt’erent magnetic wweeptibilitieH Im introduced into a magnetic field, 
they will tend to move towards the strongest |)art of that field with 
dift'erent riegrees of force, the mineral of greater magnetic susceptibility 
Ixdng of course the more powerfully acted on. If this difference is 
sutticiently great, it may Ix' used as a means of se|)arating the minerals 
from each other; in ijraetice it is usual to aeleet a strength of field such 
that the force acting upon the more smsceptilde is snflicient to cause it to 
move, not infreipiently in o|iposition to gravity, whilst that acting on the 
less susceptible is unable bi overcome the resistance to motion offered by 
the particle. 

It is therefoi'c neecssai’y first of all to know the relative magnetic 
susceptibilities of various ininemls. I’liicker in lK4!f attemiited to 
determine these for a few nnnerals and gives the following as the 
ratio of nmgnetie susceptibility of eerttdn bislies iis compared to iron: 


iron 

lOO.OtK) 


4I.),(KXI 

Spatliic iron oro 

707 

HaonmtiUf 

7M 

S|)cciiliir iron oro 

r,9;i 

Liiiionito . 

29L) 


An elalsjiate series of tests has Ixeti |)ublishcd by W. S. Crane' in 
which he has determined the tractive force exerted U[sm various 
powdered minerals by a powerful magnet. He shewed that under the 
conditions of his tests, the tractive force varied directly ius the weights of 
mineral acted on, and that it varied directly with the magnetic flux or 
the intensity of magnetisation, lie found that the mechanical condition 
of the material aft'eeted the [X'rmeaiiility very greatly; thus wrought or 
cast iron in filings or in grains had a immieability of approximately 
h of that of the sivme material in the form of bars, whilst with minerals 
of low susceptiliility the tractive force is greater the smaller the size of 
the jiarticles. 

The majority of the tests were made with a field producing a magnetic 
flux of the order of and for finely divided material in each case, 
cnished to pasts 190 mesh; the tractive force exerted ufton the substance, 
expressed in [tercentages of the weight of the subsbinra, is also given. 

According to Mr Crane’s experiments, * * > hence the 

‘ Trmit. Jwi . /lut.Win. Enff. Vol. XXXI. 1902, p. 405. 
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suBceptibility is proportional to these figures. The following ffre some 
of his more important results: 


Mineral ' Permeability (m) Tractive force 

(Iroii. 21617 I 72,60.5-81) 

Magnetite . 1'40O9 29,140-flO 

Kraukliuite. I'4lr2 2ii,942‘I;) 

lliiieiiitc . 1-2871 18.,7(XI-21 

I’yn-liotite . ... 1-07H2 - 1-077,7 ' 489H'4H - UtlH-HO 

Zircon .•l-0-29;f-l-(XU9 i ,71:1-9(1, fW-Cl 

Hociiintite . 1-0-242, 1-(X)H1 : 426-04 149-90 

Conindnni . l-(12,7;i, 1-0018 ' 44:1-42—62-87 

Sidei-ito . 1-1)2:14 1-0216 4,72-98 :l76-0.7 

llhodonitc . 1-0176 .640-4,7 

LimouiU;. 1-0099 i 174-10 

Pyi-oluBitc . 1-(X 188 -1-0078 15,7-64-1:16-8,7 

I’vi-itcB. 1-0064 1-IKXI7 , 112-91-12-6:1 

Zinc lilinide. 1-1X177 1-(XXI7 i 101-00 16-,71 


For all othci' minerals n is on the average iimler I'dOlt, and for 
the purer specimens jirobahly eoiisiderably lower. In most eases 
where there are marked variations in the iiermeahility of siiceimens 
from ditferent localities, this is probably due to variations in the per¬ 
centage of iron present, either as a constituent of the mineral or as an 
ini]mrity; this is very ])robably the case with zircon and corundum. 

N'ery great variations are however (dwerved in some cases where this 
e.vplanat'(in is not sidlicient; for example some specimens of ilmenito 
(or it !,ny rate of titaniferous iron ore) arc so feebly magnetic, that 
magnetite may be seiianited from them so completely that the resulting 
concentrate contains hardly a trace of titanic acid; whilst with other 
iyiecimens (e.g. fi-om Talierg in Smillund, Sweden) it is impossible to 
effect any magnetic separation between these minerals, and the con¬ 
centrate is richer in titanic acid than the crude ore. 

.So'-h variation is shewn also In the determination of the magnetic 
permciibilitii „ and susceptibilities of a few minerals from different Swedish 
localities by K. Holm', the highest and lowest values lieing as follows: 


Mineral 


! . 

! Specular iron ore ... 

I Garnet. 

i I\’roxene.. 

I iL3mblende 


1‘ermpability (^) 


3-62--/i-71 
r()122- 1'0192 
i 1'0(W04—1*0(W-14 
1*00164-1*0328 
1*00231—1*0112 


Riiflceptibility (k) 


0-208--0*376 
0*000974 -0*(K)152 ' 
0*0f)0322-0*0()0672 
O-fXK) 180- 0*00261 
0*000184 ~0'000891 i 


* JemkontoreU AnnaUr^ “ Undersokiiing Hfvef de magnetiiilia egcnakajwma hoti 
n&gra i 8?ent»ka jammalmw tng&ende minorHl,” 1003, p. ^3. 
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TheSc tots were made in a field the strength of which was of the 
order of 1200 to IHOO c.o.s. units. Furtlier, Mr Holm has shewn .that 
for many minerals also * is variable for different, values of H. 
llius he gets the foRowing data for a sample of magnetite: 



12-7 

l-oi 

i:}'4 


“ 1{K) 

41-9 

ir)-7 

1-25 

4r»H 

](H 

(l■749 

H7n 

r.-71 



indicating that magnetite Induives in a somewhat similar manner to iron 
in this resiieet. Nothing conclusive is known as to the txdiaviour of 
Isidics of low magnetic siiHceptibility. It apiiears however to be tolerably 
clear that extremely powerful fields are prejinlicial to the se|)aration of 
Isalies of high niagneticr susceptibility. It need hardly lie said that in 
iiKKleru i)ractice the magnets used for magnetic seimration are always 
electro-magnets, the strength of field of which deiK'iids uiKin the strength 
of the current and the number of the wire windings through wliich it 
imsses, as long as the limit of saturation of the iron coves of the magnets 
is not e.vceede(l. 

The aiitlna' has found in one experiment that the crystallised phos|ihate 
of iron, vivianite, had a magnetic susceptibility of abcait Ifti eonijiarcd 
to siKXMilar ore taken sis 1, and of about O'dii.'i comiiared to magnetite. 

It will be noted that there are but few minerals that are strongly 
magnetic in their natural state. It is however possible to convelt 
several othei-s tall containing considerable percentages of iron), wliieli 
in their natural state are bat feebly magnetic, into strongly magnetic 
forms by suitably heating them. This o|)enition may either Im simple 
heating in a neutral atmosphere or heating in a reducing atmosphere. 
As examples of the former, spathic iron ore, iron pyrites and chalco- 
pyritc may be mentioned. When spathic iron ore (FeCO,) is heated, 
it is dccom))oscd, cartxmic acid is given off, and a strongly magnetic 
residue is left, having according to Dr Werlding the composition Fe,0,.' 
Similarly iren pyrites (FeS,), which is very feebly magnetic, is trans¬ 
formed by heat into a lower sulphide having the composition FcuS,,, 
which is strongly magnetic. According to some) authorities an oxy- 
sulpbide is produced, wliich^ is magnetic, but the subject has not yet 


£idt itiaSoc.dt I'M. J/in. fior. 3, Vol iv. 1900. a 1201. 
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been fully Investigated A very similar change takes place with copper 
pyrites, and it even appears possible that in both these minerals the 
change produced by heating may be physical quite as much as chemical. 
These changes can be produced by heating to temperatures not exceed¬ 
ing 300“ C. 

Dr Wedding* states that on strongly heating haematite it loses some 
of its oxygen and is converted into magnetic oxide, which is of course 
strongly magnetic. The latter change is however in practice generally 
produced by heating in a* reducing atmosphere; when ferric oxide 
(either in the form of red or of brown haematite) is heated in a rorlueing 
atmosphere, or in contact with carbonaceous matter, it is reduced to 
magnetic oxide at a low tcmiwrature, and the mineral is thus rendered 
strongly magnetic. This process has Iwen successfully wirried out on 
fossiliferous ore (red haematite) at liirmingham Ahi“, where the ore, 
broken to about egg size, wiis heated in a gas-fired Davis-t'olby kiln, 
using onlinary iwoducer gas; the kihi would treat 110 tons per day 
of ‘24 houi's, consuming 3!)l),tH)(( cubic’ feet of gas produced from 3 tons 
of coal, and the residts are stated to have lieen highly satisfactory. Tlie 
magnetic separation of these artificially magnetised minerals difl'ers in 
no wise from the treatment of naturally magnetic minends. 

For practical purposes it is convenient to divide minemls into three 
groups, according to their magnetic jiermeability, namely: 

I. Strongly magnetic, including magnetite, franklinitc, ilnienite and 
jiyrhi tiUs caiaible of being attracted and lifted by an ordinary iicrniancnt 
magnet (also including the above-mentioned mineral sulisfivnces when 
artificially produced). 

II. Feebly magnetic, including the more magnetic specimens in 
* Mr Cmnc s bst, p. 389, say with * > (rilOOS, incapable of tieing attracted 

and lifted by an ordinary ixinnanent magnet, but capable of Iieing 
attracted by a suitably arranged very powerful electro-magnet 

III. in-magnctic, or practically inca|)able of being attracted and 
lifted by any ordinary electro-magnet 

It is clear that the minerals of Group I can be separated magnetic¬ 
ally from those of Groups II and III without any difficulty, and that 
minerals of Group II can by special arrangements lie separated from 
tliose of Group III. There arc accordingly two sets of processes, namely 
processes adapted to the separation of strongly magnetic minerals, and 

^ Ik'. cit. 

» Tram. Amtr. Imt. Min. Eng., “Notes on the Magnetisation and Concentration 
of Iron Ore,'’ by W. B. Phillips, Vol. xxv. 1896, p»399. 
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proccfwest adapted to the scijaratioii of feebly niagiietic minerak For 
the former either wet or dry methods may be iwe<i, for the latter none 
but dry methods have hitherto been found practicable. 

(Jeiierally a|)caking djy methods can only l)e applied to minerals that 
have been artificially dried. It must not l)e forgotten that this fact 
sometimes gives rise to une.vpected difficulties; thus it is easy to separate 
magnetite from iron pyrites by the wet magnetic method so as to jiroduce 
a coneetitrate practically free from sulphur. On drying such a mixture, 
however, it is imictically almost im|s)asible to#o regulate the temjrerature 
that none of the iron ))yrites shall be decomposed; a certain amount of 
the sulphur is always driven off, producing magnetic pyrites, which 
(Misses into the concentrate and contaminates it with suljdmr. 

It must Ik; noted that the elfeet of a suibdile magnetic field n|)<in a 
ndxture of magnetie and non-magnetic [larticles is merely to attract the 
former, so that the susfidning eaiaicity of the magnetic field would soon 
lie reached unless some (irovision were imide foi' removing these particles 
and allowing others to take their place: this may be done (1) by causing 
the magnetic fields themselves to travel; (if) by interjKising iKitween the 
magnets anil the particles a travelling non-magnetic surface, which 
carries the particles for a eei'tain distance thi'ough the magnetic field 
sensibly |»irallel to the lines of force, under which conditions the 
(Mirticles will adhere to the non-magnetic surface until the motion of the 
latter has carried them into a weakei' (lart of the field, where they will 
dnip ofl'under the action of gravity or may be thrown off by ccntrifugsil 
action; the surfaces in (|uestion may lie eithei’ drums or lielts; (ti) the 
particles may Ik' (irojectcd or Iw allowed to fall, and caused to (lass 
through a magnetic field in-such a manner that the magnetic ones are ^ 
drawn aside from the normal [lath sntliciently to Ke)iarate them from the 
non-magnetic ones; machines on this principle are often s[)oken of as 
deflection machines. In dry magnetic seimratora the non-magnetic jiar- 
ticles are either carried away by lielts or drums or are allowed to drop 
away from the magnetic field under the action of gravity; in wet 
magnetic se])aratoi-s this removal is often assisted by a current of 
water. 'Iliese latter machines are therefore generally the more efficient, 
inasmuch as the stream of water is more effective in washing away 
uou-mugnotic particles that may have become entangled among the 
magnetic ones. Some dry magnetic sejiarators use a blast of air for the 
same (lurpose, and thus act to some extent like (ineumatic coueeutrators. 
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magnet is so wound that these pole pieces arc of oppositopoltfrity as in¬ 
dicated by the letters N and S in Fig. 300; the projections at the back of 
the soft iron riljs of tlic drum are thus in contact alternately with one or the 
other set of pole pieces and are therefore alteriAtely of K or A' iwlarity as 
long as they are travelling (in the direction of the arrow) from B to S'. 
The ore to l)c treated is tipped into the hopper H and is fed on to the 
drum of the machine by a simple shaking tray; the non-magnetic material 
rolls over the face of the revolving drum and droi)s into the front shoot; 
the magnetic material adhSres to the barrel and is avrried round with it 
until it has passed the point B', where the iron bars pass out of contact 



Kig. 30 i llimiliiildt ciMrse iiiagiietic sopunitor. I'orsisjctivc. 

with the pole pieces of the clcctro-magnct, and are thus no longer them¬ 
selves magnets, and accordingly release the magnetic particles, which 
drop into the rear shoot. The machine is made in two sises; the smaller, 
having a drum about 20 inches in diameter by l.d inch face and taking 
a current of about 10 ami^res at 35 volts, will treat from 2 to 3 tons per 
hour in pieces not exceeding ? lb. in weight; the larger, with a drum 
about 30 inches in diameter by 24 inches face, will treat up to 7 tons per 
hour, in pieces not exceeding 7 lbs. in weight; on finely crushed ore its 
capacity is rather less, say about 5 tons per hour. The drum makes 30 
revolutions per minute, and the current required is 16 amperes at 
no volts. In addition to the power needed to generate the electric 
current, about J H.P. is required to drive the drum. 
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Tliin maclijiie is one of the very few mapietic Bei)arators capable of 
treatinjt lump ore, 'for wliieli purisise it is still extensively used. , 

A niacliine on qnite the same principle tiqfi lajen brought out 
recently by the HumboUt Kngiiicering Works Co., the ap[)earance of 
which is shewn in Fig. :W‘2. The material is fed by the shaking tray 
shewn at the right hand side into a casing in which it drops uikui a 
rotating drum made of brass or simitar non-magnetic material; from this 
drum it falls in a unifonn stream and with a velocity eciuat to that of 
the magnetic drum, which is constructAl very like that of the Wenstrdm 
machine ; the latter has no effect on the non-magnetic particles, which 
droj) straight down off the brass drum; it attracts the magnetic particles 
and carries them round with it tilt they imss out of the magnetic field 



Kig. .•|o;t King iiMgaetii' m‘|iaratiir. I’l'ispcctive. 


when they drop oH: te.ss magnetic middlings not being carried as far as 
the more magnetic |K»rtions, so that this machine yields three products, 
namely, highly magnetic concentrates, moderately magnetic middlings 
and non-magnetic tailings. These machines have Irecn used for con- 
centmting calcined spathic iron ore in the Siegen district. The 
magnetic drum is alamt a feet dinm. by ^ fta't long, and the electro¬ 
magnet inside it is wound with turns, through which a current 
of .5 amperes flow s, a tension of 7U volts la-ing sufficient for this purpose. 
It apirears to be capable of dealing with alsiut lio tons per 10 hour 
shift 

A somewhat primitive machine. King’s Patent Magnetic Ore 
Separator, Fig. ;io.'l, consists of% somewhat similar drum revolviug over 
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a stream of mineral fed towards it on a shaking tray. In this djum, liow- 
ever, [jermanent magnets are employed instead of electro-magnets. These 
machines have been used in Namniinaland for removing magnetite from 
•copper ores. A maclfine with a dram of 20 inqjics face and 211 inches in 
diameter is said to treat U]) to two tons per hour of modemtely fine staff 
and to require about 1 h.p. to drive it; these i)ermanont magnets cannot 
be made powerful enough to pick up heavier pieces of mineral. 

The Cfrondal Coarse Separator is shewn in plan in Fig. :<04 and 



Fig. :!04, (iromlal ceiirnc liiagiictic «ci»rat(ir. I’lim. 

sectional elevation in Fig..004*. It will licsccn thatit consists of a conveyor 
belt which goes round and is driven by a drum, which effects the actual 
separation; the machine may therefore be described as a combination 
of a belt conveyor and a drum separator. It will be seen that inside 
the drum, which is made of brass or some similar non-magnctic material, 
there are arranged four fixed electro-magnets which produce a strong 
magnetic field through an angle of about 60° almvc and 60 below the 
horizontal plane that passes through the axis of the drum, this lieing 
the driving portion of the drum agaiQst which the belt rests. The 
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broken njineral is carried forward by the l)clt, and whilst the non- 
mapictic material drops straight off the face of the drum, the magnetic 
material adheres to it and is carried round further with it, dropping dff 
at the bottom of the drum. The division Ijetwten the two kinds is- 
caimhle of adjustment by moving the hinged partition shewn in the 
si^ction. This machine can treat 0 to 12 tons per hour of ore broken to 
a 2 inch ring; the current reipnred is am[K‘ri« at 11(1 volts. With a 
Ijclt 100 feet long set at a grade of 1(1°, the driving iwwer re(iuired is 
.') to 0 H.P. The machine costs alsml tl.W. 


\ 



Kig. 304“. (irdiiilal eimrsc’ imigiit-tii- .sviHinitor. Vertical section. 


Keiiler’t' Magnetic Separator, Fig. 805, has been used for 
separating calcined spathic ore from blende, crushed from 0'04 to 
0'2 inch. This is fetl by a feed roller on to a belt furnished with pins 
of soft iron, which passes over a wooden roller at the, head end and a 
cylindrical electro-magnet at the lower end. The non-magnetic material 
drops off at the end of the belt, whilst tlie magnetic portion adheres 
to the pins, which retain their magnetism as long as they are within the 
‘ Ztiltfkr.f. B&g. XUI. 1894, B. p 2,12. 
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field of the cylindrical electro-magnet, and is thus carried to some little 
distance back from the end of the belt, where it is dischargeni beyond an 
adjhstable partition. 

One of the earliest ftiachines used in practice was devised in Ki'iH by 
M. Sella’ at the well-known Traversella mines in Northern Itttly, in 
order to separate magnetite from coitjier pyrites. The finely divided 
and well-dried ore was fed on to a travelling licit l.'i inches wide carried 
on 3 inch rollers; over this revolved three wooden discs 20 inches 
in diameter keyed to a horizontal shaft parallel to the travel of the 
belt, making about 10 revolutions per minute. Kach wooden disc 
carried 10 electro-magnets 6 inches long, a inches wide, 1 inch 
thick, set so as to alternate. These magnets picked up the magnetite 
and after the drum had revolved through about 7a°, the electric current 



Fig. 305. KessleFa laiigiietie ««|iarator. Vertical soctioii ami porsfioctivc. 


(here produced by six large Bunsen cells) was interrupted by means of 
a special commutator, when the magnetite dropjied oil' into a suitably 
disposed shoot. Hie machine was capable of treating per hour aliout 
3 cwt of ore, which was separated into about j magnetite and j 
copper ore. 

Olng’i^ Magnetic Separator, Fig. 306, acts somewhat like the 
last-named machine; the ore is fed from a hopper A on to a shaking tray 
N 16 inches wide, down which it slowly jiasses; above the tray revolve 
wheels of aluminium with soft iron studs on their [leripheries, the diameter 
of the wheels being somewhat greater than the width of the tray. An 
electro-magnet is so arranged as to magnetise the studs during the 
lower half of their travel, by which means the magnetic particles in the 


' ZeiUchr./. Berg. HiUt. u. Sal.-Weeen. Vol. ii. 18«1, p, 172; U.S. CminmuU 
Contmusion Beporty 1870, p. 313. 

* The Mineral Induttry, VoL xn. 1903, p 417 xv. 190(1, p. 830. 
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ore are lifted up and dropped clear of the tray into the bins the 
non-mapictic itontion is discharged at 0. The electric power required 
is stated to iK) 1 ampere at 110 volts and the working capacity al*ut 
1 ton i)er hour. ^ 

One fonii of Ferraris magnetic separator acts on a somewhat similar 
princii)le. 

Putilg’s Machine* consists of a disc revolving on a vertical shaft; 
pj the lower face of the disc are attaclied some 20 electro-magnets, the 
lower poles of whicli pass tlirougli a trough in which tiie ore to be 
treated is contained, this trough forming about 5 ot a circle ; when the 



Kig. 306. Plug’s miigiictic soi»init«r. Pongituilinal elevation. 


inagnets pass licyond the trough, the current is cut off and the magnetic 
portion, which had kien attracted by them, ilro()s off into a suitably 
placed receiver. The machine has Ixien improved in many respects by 
Messrs Siemens and Halske. 

2. Machines with fi.\ed magnetic iiolcs arc very largely used, the 
magnetic mineral being carried through the field either by drams or 
belts. 

The Buchanan'^ Magnetic Separator, an older pattera of which is 

' X. Wedding, Bull Soc. Ind. Min. Vol. xiv. 1900, p. 1217. 

> Trmt. Amur. hiit. M. E. Vol svii. 1S8S-9, p. 737. 
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8he»n diagrammatically in Fig. 307, and in its more modern form in 
Fig. 308, consists of a pair of soft iron rolls, each supported Vpon tlie 
similar pole pieces of a couple of horseshoe magnets, so that the rolls 


t'ig. SOT. liudiiiiuui magiietii: sci«init(ii’. Diiigiiirii. 




Fig. 308. Buchanan magnetic aeparator. Klovation. 


receive opposite magnetic polarity. There is thus a tolerably strong 
field formed between the two rolls. Tlie material to be treated is 
allowed to fell between the rolls which revolve towards each other at 
r- 26 
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a speed of alxjut 150 feet per minute; tlie noii-magnetie portion con¬ 
tinues to fairwithout interruption, whilst the magnetic particles adhering 
to the rolls are carried h_v their revolution out of the stronger portion 
of the field, until they dro]) off or arc thrown ecKtrifugally off the rolls. 
In the modem fonn two of the inagnetH swing on trunnions and thus 
cnahle the spaee l)etween the rolls to l)c adjusted. 

One of the more extensively used of these drum machines is the 
Ball-Norton Monarch Machine, a modem form of which is shewn in 
Fig, It consists of two drums, A and H, of wood or some similar 
non-magiietic material, rotating on horizontal shafts in the directions 
indicated. The electro-magnets, as shew n, occupy from one to two thirds 
of the lower |K)rtion of the eircuniference of the drums; they are 



Fig. .SOi). Miitiiu-i'lt sojiiinitor. Vcrticiil scotioii. 


arranged radially, and in such a way that op|K)8ite poles alternate. Tiny 
drums are placed in a elo.sed wooden chest, that can be connected at S with 
a {iowerful fan and having an oisjuing at E through which a current of 
air can l>c drawn in by the action of the fan. The ore to be treated is 
fed in through the hoi»iK‘r H and fulls upon drum A, the rotation of 
which brings the stream of ore within the magnetic field of the fiiwt set 
of magnets ; the non-magnctic [sirtion droi>s into the hopper P whence 
it is discharged inUimiittcntly by the weighted trap-door F. The 
magnetic portion is carricHl round with the drum until it is thrown off at 
the edge of the magnetic field, when it falls upon an apron, and is thus 
brought within the magnetic field of the second drum. By either 

‘ C. M. Ball, Traiu. Amtr. Imt. Min. Eng. Vol. xix. 1890-1, p. 187; Jemkontorets 
Annair, "Oai Anrikniiig af svoiiska Jemmalmcr,” by W. Petorsaon, 1903, p. 255. 
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making this field weaker or the s|)eed of rotation of the drum greater, 
middliiigK are here thrown off and iiccumulate in the liopfair li to l)e 
discliarged tlmmgli M. Finally the concentmtes are dincharged at C. 
The inventor claimK Jliat the arrangement i)f Ids jade pieces causes the 
magnetic i»irticlcs to roll over re|)eatedly whilst lieing carried round hy 
the drums, and that this rolling motion combined with the action of the 
air blast effectually frees them from non-magnetie isirtielea It is state<I 



Fig. .tlO. lijJl iiuigsetic .sqianitir. Verticul section. 


that a macliioe with drums ‘it inches in diameter and it inches face will 
treat jier hour 15 to id tons of ore crushed to Id bt id mesh ; the ]siwer 
required is stated as 1 to IJ electric h.p. for each drum and i b>} h.p. to 
drive the machine or say alwut d J H.P. altogether. Tills machine has been 
tried at several places in iSweden, but has liecii set aside usually for wet 
separators. At Svartiin', in Northern Sweden, two Monarch machines 

' W‘alf. PetorMoii, Jmikotihr^U Amtakr, 1(10.3, p. 290. 

26—2 
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treated togetJier about 300 toun per day of ^4 liouix file drums were 
of brass 20 iiiches iii diameter and 24 inehes long; the first drum 
made 30 revolutions iier minute and the second 90; each drum received 
an electric current of it am|)eres and 100 volts. 

The coiiecntrator, sometimes called the Sautler, employed at 
Friedrichsegen' in OUu'lalnisteiu is practically the same as a single 
drum .Monarch maehine, with the magnets placed along the side instead 
of the iKittom of the drum and the ore fed on by a shaking table; it is 
useil to separate calcined spathic ore from/ine blende and its working 
ca|Bicity is stated to be 2 tons |a'r hoiii' and its current consumption 
alamt ^ h.p. .\ modified form of this machine, snitablc for coarse 
material, has already been described (see p. 390). 

.\uother practically identical maehine is the Ball Magnetic 
Separator, Fig. 310, the ore being brought to the drum in this case by 
a conveyor licit: it is intended to treat moderately coarse ore. 



The Siemens and Halike and the Heberle dry separator are also 
somewhat similar. 

One of the earlier fonns of belt machines is the Conkllng maehine^, 
shewn diagrommatieally in Fig. 311. It (insists of a carrying beft 
iilKin which the ore is fed, which conveys it under a scries of cleetro- 
magnets, of which the strength, as well as the distance above the lielts, 
can be w^nsted as rcipured. I'nder each electro-magnet runs a licit at 
right angles to the main licit; the magnetic inirticles as they [lass into 
the magnetic fields arc attracted upwards to these cross lielts and are 
carried by them sideways clear of the main carrying belt, when they are 
deposited. By making the magnets of varying strength, lioth concen¬ 
trates and middlings can be produced. 

One form of Ferraris separator is somewhat like this machine. 

‘ Jenitonlorelt Aiimler, Ido-i, p. l.S. ll. R. 1’. 24(1711, 1S8.1; iifrg. ii, II, Xhj. 1SS4, 
IHi, 107, 412. 

* Tram. Amfr. /ml. Min. Snf. Viil. xvn. 1888—!1, |i, 78(1. 
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The Ball-Norton Belt Machine is slievni (HagrammaticaN}' in Fig. 
3J2. Tlic crushed ore is fed from a hopiK’r hv means' of a feeding roller 
on to a travelling Iw)/ alamt 9 inches wide; alnne it and i>arallel to it 



Kij,’’ Hall-Ni)i'ti*ii IkiII J^iaj'riUU. 


is a similar ladt travelling luirallel to the lower one, so that the lower 
face of the fia'iner, and the upper face of the latter move in the same 



Kig. 3iy. King iK'lt Hcparator. i'erhiwctivc. 


direction; above this upjter Itelt are a number of electro-magnets, so 
wound that opposite poles alternate successively, as in the drum machine 
of the same name. The nou-magnetic material remains on the lower 
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>elt, tlie uiaffiietic material ia attracted to the underside of the upper 
idt and carried hy it in tlie magnetic field until it is clear of the lower 
lelt, when it drops oil! The machine can treat al)put 20 tons per hour. 

Tlie King Electro-Kagnetlc Belt Machine is nut unlike the last 
n principle execiit that only the up|)er licit is represented, the lower belt 
oeing replaced by a shaking tray that feeds the ore forward. It is said 
to 1x1 cajiable of treating 1 ton fxr hour with a current consumption 
of (i amperes at 100 volts, whilst 1 li.P. is re(|uired to actuate the 
machine. 

It. The only true deflection machine is the Edlaon Magnetic Con- 



Kig, au. Siugk. Kilisoi, ,n«g- ‘’'“S"'’"- 

netic sciwnitor. Diiigrani. 

oentrator, the principle of which is well indicated by the accom])anying 
diagram, Kig. :tH, taken from Udison's jiaper'. As will be seen the ore 
is allowed to fall down past the face of a powerful magnet; the magnetic 
jiarticles on entering the field of the magnet arc drawn aside from the 
vertical line ol fall, and thus are made to drop into one receiver, whilst 
the non-nuvguetic particles fall straight down into another. Such a simple 
experimental machine, with a magnet 72 inches by lio inches by 10 inches, 
weighing 34(X) lbs., wound with 450 llis. of cop]X“r wire and taking a current 
of 10 amperes at UO'5 volte can treat jier day abouflSO tons crushed to 

* Trmi. Amer. M. E., “Tlio Concontmtion of Irou Ore,” by J. Birkinbiiio 
Mid T. A. Edison, VoL xvii. 1888-rf, p. 728. 
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10 mesh. Edison has pointed out that the opposite pole caiiPbe rttilised in 
eiactly the same a-ay, as siiewn in his subjoined sketch, Fig. 315'. This 
process was first applied in New Jersey and subsequently at Dunderland in 
Norway. The following Figure shews diagrainiftatically the most recent 



Kig, 316. Bunk of Kdison magiicU Hide and front elevatioiia. 


construction of the bank of magnets used for extracting magnetite at 
the latter place; one such bank is used for extracting the magnetite 
and the other for cleaning the crude concentrate. The electro-magnets 

' I’amphlet issued by the Edison 0^ Milling Syndicate, Ltd. 
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are ,arr8i1(?c<l*itn shewn ujwn an iron framework, and the poles are 
widened out liorizontjilly to a width of -I feet. Tlie ore is fed in 
from a ho])])er at the to)) of the bank of magnet* and falls over baffle 
Imards in a thin strcain*]jast the [joles of the first magnet. Between 
these pole ))iece« a [)owerful magnetic field is produced which deflects 
a ])nrtion of the magnetic material, an ailjnstable dividing board being 
so i)laccd as to separate the two streams of mineral; the magnetic 
I)ortion drops lx:hind into the shoot, the remainder falls on to a baffle 
l)oard that guides it past the secoiuf maghet where more magnetic 
material is taken out, and so on until the tailings dro]) from below the 
last magnet, having been practically freed from all magJietio material. 

.Vt Kdison', New Jersey, II.,S. A., very low grade magnetite was con¬ 
centrated for some time; the crude ore ernshed to (I’OS inch mesh 
goes to a bank of three magnets with cast iron cores IJ ins. high, 
i)l ins, wide and 4 ins. thick; each bank receives a current of 15 amperes 
at 81) volts, the lowest magnet in eai:h bank being the most powerful; 
the tailings from the to|)most magnet in the bank contain " per cent, of 
iron, from the second J'5 pur cunt, and from the last 1 per cent.; the 
concentrates contain 40 |iur cent, of iron, Bach bank is intended to 
treat 5 tons of crude ore pur hour. Tlie cimdu cuncentratc.s are next 
dried and ciaished to ])ass iin (I’OJ inch mesh screen, and then go to a 
bank of H inch magnets; there sire three of tliuse in a bank arranged 
like the 12 inch magnets. The dimensions of the cores are 8 ins. high, 
54 ins. wide ami :i ins. thick, and each bank receives a current of 
10 amperes at 120 volts. .Such a bank will treat about 4 tons of crude 
concentrate i)er hour; tlie products arc concentrates with 00 per cent, 
of iron and worthless tailings with about 1 jier cent. J 

The concentrates are next cleaned by an air blast which carries off 
the finer jiortions, these being notably rich in apatite, this mineral being 
very brittle and crushing to extrcniLdy fine dust. Tlie concentrates 
contain 04 |)er cent, of iron and iiass to a third bank of magnets, there 
being 5 in each bank; they are 4 ins, high, 54 ins. wide and 2 ins. thick. 
They receive altogether a current of 17 amiieres at 100 volts. In this 
bank it is the concentrates from each magnet that pass to the next 
lower ones, so that hero the lowest magnet is the least powerful. The • 
products are Urreu tailings, middlings for rctreatment, and finished 
concentrates with 08 ))cr cent of iron. The fine dust is sent to one 
single magnet of the same dimensions as those of ihe last bank, but 
receiving a vpry powerful current, which produces concentrates like the 
' Sliniral fndmtiy, Vol. vi, 1897, p, 712 . 
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last bank. The process was technically successful, but was (fcoiufinically 
unprofitable, the crude ore being too low-grade. 

B. Wct-WorMny Magmlk Coiieentratort. 

Here again we may distinguish between machines that use electro¬ 
magnets with fixed iwles and those where the iwles themselves move. 



ma t t 3 9 I 9 an 


Fig. 317. Monarcli wet sciwrator. Verticul Hoctioii. 

Generally speaking the latter class seems to be the more widely adopted, 
though some may be said to combine both systems. The greatest success 
seems to attend those machines that draw the magnetic particles through 
a stream of water flowing in the opposift direction to the motion of 
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the particle*, as by this arrangement non-inapietic jarticles entangled 
amongst tlic inagiietic ones are more readily washed out 

One of the simplest forma is merely a modifiqjition of the Monarch 
Drum Concentrator ^lescribed alK,ve (,mge 402), its arrangement 
being shewn in Fig. ;ii7; the ordinary machine was in use at 



Fig. 318. FrSding Hcparalor. Plan. 


Herrang in Sweden, but was replaced in the year 1«99‘ by a wet 
drum eoncentrator that gave more satisfactory results. Tills maehine 
has only one drum, and the electro-magnets occupy about 200° of 
Its circumference. The drum revolves in water and the tailings run 
off from the front of the drum, whilst the magnetic particles, travelling 
for a considerable distance through the water and thus thoroughly 
‘ Jernkontonlf Annaltr, 1901, p. l.s; 1903, p. 2 S 7 . 
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washed, are discharged at the back side. ITie drum makcS oidy 8 to 
10 sevolutions per minute. Tliis machine can treat about IJ tons jmr 
hour. 



Pig. 318*. FrCding separator. Vertical section. 
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, 'llie TrShlng n«|)artttor‘ consists of a sIiRlitly conical table of brass 
aixmt ^ ft I) ins. in diameter, keyed to a vertical shaft, wliicli is rotated 
by bevel gearing. Beneath this table are arranged clectro-mapets, the 
latest fonn of which is’shewii in Figs. 31K and 318*; they are arranged 
mdially, al)ont '2 inches ajavrt, and arc of alternating polarity. As sliewn, 
they oecn|>y alxmt 301)” of the entire eireumforence of the table. Some 
12 water pipes play on the surface of the table, on to the central portion 
of which the ])ul|) to Is; conecntraksl is fed near to one edge of the 
system of magnets. As the table rotates, thf magnetic portion is retained 
on it by the action of the magnets, whilst the non-magnetic portions are 
washed oH' by the jets of water. Finally the former particles reach the 
mai-niagnctic section and are there in their turn wfished off by a jet of 
water. The particles arc received in an annniar launder surrounding 
the table, the [sirtion corresponding to the non-magnetic section of the 
table lieing separated from the remainder by partitions. The current 
required is alxuit 1(1 amiieres at 111) vadts, and i h.p. is required to 
rotate the tal)le; the watei’ consumption is f.'i to oil gallons iier minute 
and its caiiaeity np to 2 tons per hour. An earlier typo of this machine, 
shewn in Fig. 31!), had three concentric rows of nari'owcr electro¬ 
magnets'-, but gave results inferior to the later type. Fibding's 
ae|«iratoi' was used for a time at llerriing. 

TlieHeberIese))arator is shewn in Figs. 320 and 321)*’ It consists of a 
vertical tank about 3 ft. high by 20 ins, wide, within which revcilves an end¬ 
less rubber belt, travelling downwards on the feed-side of tile tank; a 
series of electro-magnets is arranged along this side of the ladt and inside 
it. the pulp to la- treated is fed in through the trough c and runs down 
along the ladt c through the 8|Kice/: the magnetic portion adheres to th« 
licit under the action of the electro-magnets e and h, and is carried by it 
into tlic com|Hirtment It, whilst the non-magnetic ixirtion drops into i ; 
the rcs])ectivc pulps are dmwn otf through pi]K;a // and /■ connected with 
those two coini»irtments, a How of water being maintained through the 
Jiipes / and in, sufHeient to keep the tank full. This machine can treat 
about IJ tons of mineral iier hour, and is used a good deal in Sweden. 

The ConkUng wet sejiarator is somewhat like the last, but has the 
belt set at an angle and moving in the opixisite direction. 

FrHdlng* has also devised a sejiarator consisting of a band moving 

* Jfruhintiirff Jitiinhr, 190.1, p 26.1. 

’ Swodisli patent I!I349,1900. 

’ Hwediiii patent spooiflcatiiiu, Ko, T227,1895; Jtrnhmiurtli Antmler, 1903, p 2G2. 

* Swediah patent apeelBeatioa, hV 20378,1905. 
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upwai^ over electro-magnets at a flat angle, whilst pulp streams down 
It in the opposite (Jircetion. 
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be a developmeiit of the Lovett-Finney separator. As shewn in the section, 
it consists of a wooden tank in which the ma^nietic appliance is arranged 
horizontally. Tlie ore to be treated is contained in the hopper H, whence 


I,-.- f 



Kig. 3'20*. Helwrio separator. TraiiavcTW) section. 

a feed roller delivers it on to a horizontal belt that carries it towards a 
magnetic roller A. This roller is about 4 inches in diameter and 3 feet long, 
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and cotiawte of a solid roller of soft iron in which two helical grooves abont' 
1 inch Ifiiiarc in section arc cut, and in which insulated copper ribbon is 
wound Tliis makes the bar a continuous cicctro-niagnet, and although 



It revolves with the belt its action is practically tliat of a stationary 
magnetic pole. The non-magnctic portions of the ore drop off at A 
into the tailings hopper, whilst the magnetic i^rtions cling to the lowci 
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sorface of the belt, which next passes underneath a series of electro¬ 
magnets with alteniate polarity; during this travel tlje middlings and 
thi fine dust are removed, and the magnetite is brought within the field 
of a second magnetic Nler B similar to the flret; from this they are 
taken otf by the belt, passing round the third similar roller C, which 
finally discharges the concentrates over the non-magnetic roller F. All 
the separation thus takes place under water. 

Erikaaon’s inngnctie seiranitor' is a good example of scjiarators with 



Fig. .S-2’2. Erik-HWHi Hopiiratttr. I’ci'HjHKJtivu, 


movable iHile-iiicees. It is sliewu in i)er8|)ectivc in Fig. :I22, and in side 
elevation, plan and cross-section in Fig. as miMlc in (Jennany by the 
Fried. Krupp (irusouwerk Co.; the Swedish construction differs only in 
some minor details. It consists of a narrow tank, triangular in side 
elevation, only some .H inches in width, into which the pulp to be treated 
is fed by means of a hopper, this tank being kept about f full of water. 
On either side of the tank there are circular electro-magnets, and con¬ 
centrically arranged with respect to these are two hook-shaped pole- 
pieces, which tuni in the direction indicated by the arrow, the respective 

P' 

‘ Fried Krupp A. G. Gmsonwerk. Jemkonttnti Avnaltr, 1903, p. 2S8. 

•27 
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poles on eitherside being of opposite polarity and those on one sidf exactly 
opposite to those on the other. Wien these poles revolve, the magnetic 
material in the pulp forms “ bridges ’’ lietwecn the opposite poles and it is 
thus carried with the revolving pole-pieces throsigh the water, where it 
is effectively washed, and, then passing into the air, continues its course 
until it is deposited in a narrow trough above the tank, from which it is 
washed out by a stream of water. The non-magiictic [lortion accumulates 
in the lower portion of the V-shaped tank, and is allowed to esca|ie 
from time to time by means of a valve at the hotbini, the motion of whieh 



Ki};. .S2-1. I‘’(ir»<,nvii HejHinitoi', I'or>tjK.'ctive. 


is controlled by a float, so that it only opens when the water in the tank 
has reached a certain level. The pole-pieces make about 10 revolutions 
per minute; the driving power required is aUiut J H.P. and the electric 
current rciinirod is anqicrcH at 1 10 volts; the capacity of the machine 
is about 2 tons per hour. It has been used with success at (Jrangesberg 
in Sweden. 

Fongren’i magnetic separator', shewn in perspective iu Fig. 324, and 
in vertical section and plan in Fig. 32.5, as made by the Fried Krupp 
Grusonwerk Co., consists of a pair of rings of brass connected by numer- 
OOB cross pieces and keyed to a central vertical shaft, thus forming a 

' Fried. Krupp A. G. Grusou^erk. Famplilet 
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wheel with a periphery pierced by numerous vertical sldte. , To the 
outside of this periphery are attached numerous wedge-shaped pole- 
pieces of soft iron, which iu their rotation pass between the poles of 
several (4 in the figures) powerful electro-magnets, Alsive each electro¬ 
magnet is a hopper from which ore-pulp flows on to the open Bi»aco 
between the inner and outer rings that form the wheel. The iion- 
magnetie material flows stmight through into troughs jilaced below the 
wheel; the magnetic portion forms “bridges” tetween the magnetised 
pole-piece.s. As the latter iy their revolution recede from the electro¬ 
magnets their magnetism is weakened and theydeiKisit first the middlings 
and finally the concentrates, each class being washed off by streams of 
water into their respective troughs. This machine can be used for 
moderately coarse material. The ring carrying the pole-jiieces makes 
ala)ut lu revolutions i)er minute and requires alsmt 1 H.l’. to drive it. 
The four-pole machine will treat up to li tons per hour. This machine 
is used, like the last, at (friingeslterg, ou material ranging from 0'1‘2 inch 
to 1 inch, whilst the Krikssou machine is used on stuff that has passed 
through the (l•12 inch mesh, 

The Ekman-Markman sejmrator consists of a hollow eoniciil drum 
revolving on a hoi’izontal axis; the drum is made of some nou-magnetic 
material like sheet brass, and the inside is lined with a numlwr of short 
studs ov iK)ints of soft iron, arranged radially and cmlxidded in cement. 
Outside the lower portion of the cone are phw;ed |«rallel to the axis 
an odd nunilier (usually .‘f or o) of electro-magnets, which induce 
magnetism in the iron studs as tliese traverse the field; when these studs 
pass midaay lietween the two last magnets, which are of similar ]K)larity, 
they evidently traverse a neutral zone and are thus momentarily coui- 
I’lctely demagnetised. Tlie pulp to l)e treated flows through the cone, 
the non-magnetic portion running oti' at the wider end, whilst the 
raagiietie |)ortion is lifted up adhering to the inner lining of the cylinder, 
and thera exiwsed to jets of water that wiish out all the entangled 
non-magnetie particles. On jiassing through the neutral zone the 
maguevie miueral dro])s off, this action lieing assisted by strong jets 
of water, which wash it into a trough or on to a conveyor la;lt It is 
recommended to use two such machines in series, and the current 
consumption of each is given as 10 amps, at 110 volts'. 

The original Ordndal magnetic seiarator^ is shewn in Fig. .lao. 
The inventor’s description of it is as follows: A vertical shaft carries 

' Gliickauf, VoL XLiv. 1908, p. 1458. 

^ Tehniik Tidikrift, 1901, Ms|c)i 2.tnl. 
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6 discs of very soft steel set about 2^ inches apart, betwobn yjhich lie 
cojls of insulated wire, so arranged that each steel disc is' more strongly 
magnetised than the one above it; the coils arc protected by brass 
rings and indiarubbcr packing. The orc-pulpsis introduced info an 
upper trough, which occupies about one-fourth of the entire circum¬ 
ference, and flows down from trough to trough, so tliat every portion of 
the pulp is brought into contact with the discs before it escapes from 
the machine. A plentiful stream of water is allowed to flow over the 
sejiarator so as to wash oil' qjl noa-magnetie ])articlca as the apparatus 
revolves. The concentrates are removed by ineaTis of a wooden 
cylinder wdiich carries a large numlicr of i)oints of soft iron, each 
inserted separately; tlicy eorresisnid to the profile of the sei»irator, 
but in their nearest jsisition are about J to | inch away from it, Wlien 
these points come opposite the magnetised discs magnetism is induced 
in tlie former, but as their area is so much smaller, the numlter of lines 
of force |)er unit area in tlie points is much greater; in eonsccpience the 
magnetic concentrates are attracted from the discs on to these isiints 
when these are opiiosite the separator, but drop off us tlie revolution of 
tlie wooden cylinder carries tlie points out of the magnetic field. The 
concentrator spindle makes 2.') revolutions, and the spitulle of the 
Wooden cylinder 22.'i revolutions, per minute. The current consiiinption 
is 0 amperes at .'tl volts, the iiower consumption i h.p, and the ciipiuuty 
of the machine is about .'f(l tons in 21 hours. 

second form of machine', invented also by DrOriindal, is shewn in 
persiiective in Fig. ;i27 and in detail in Figs. H2(l and :i2ir. The eleetro- 
^magiiet consists of a sjiool, almost semi-circular in plan; round this rotates 
f lirass bell, carrying a number of lamellae of soft iron. The pulp 
flows down from a hopper, which occupies about j[ of the circumference, 
over one end of the semi-circular electro-magnet. The magnetic |»irticlca 
adhere to the bell, the others lieing washed off; after a semi-revolution 
the iron lamellae lose their induced magnetism, and the magnetic [larticlea 
can easily lie washed off the liell. The power consumptiofi and working 
capacity of thii, machine are about the same as that of the first type. 

(iriindars latest type of machine is shewn in Figs. 329 and :t30’, 
this lieing proliably the mo.st extensively used of any magnetic separator 
in Scandinavia. Fig. 329 shews a single machine in perspective yrlth 
the electro-magnet inside the drum, the latter being driven by a small 
motor; Fig. 33(1 shews a duplex machine in side and end elevation,IBie 
electro-magnet pro[)er being outside the drums and only the pole-pieces 
' J'lurn. fron amitSted Intt. Vol. LXV. IWM, p- 40. 
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Fig. 328*. OrSndal separator, t^il 2. Vertica^ section. 
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initide them, ti)e drume being belt driven; both machineti are identical in 
principle. The latter machine consist* of a fmwerful cylindrical electro¬ 
magnet HiipiKirtcd horizontally, taith ends terminating in massive hatche^ 
shaped jxile-pieces A wifh the e<iges downwards. ' About each of these 
rotates a driim II, tlie surface of which is made up of alternate bars of 
brass and iron, The drum makes aiwiit lliu revolutions per minute. 



Kis^ Siiijrlo (iniiiiliii wjunitor, ;i. IVrsiicitive. 


ITie ore-pulp kows through the slumt t' into a V-ahai)ed box divided by a 
vertical partition rv'aehing nearly up to the top of the box, which is about 
'■* 1 inch below the bottom of the drum. A stream of clear water entering 
at D carries all the pulp over the edge of the [lartitiou and therefore well 
within the magnetic field induced by the wedge-shaped (wIm in the rota^ 
ing strips of iron (whicli act as sjeondary pole-pieces). The non-magnetic 
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portion of the pulR flows oft’ at the bottom of the other dtvisipii of the 
V-shaped box, through the tube E. Tlie magnetic fjottions adhere to 



the iron bars comiawiiig the drum, and the purest concentrates are thus 
carried to the very edge of the induced magnetic fleld l)eforc they are 
flung off by centrifugal force, aided at,time8 by a jet of water; the 
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middliiigx art thrown off tefore they reach so wcajc a portion of the 
magnetic field. • Instead of the [winted pole-piece, a series of electro¬ 
magnets, arranged somewhat as shewn in Fig. .'iOt, hut within the lowest 
portion of the drum muj’ Ik; used, the machine shtwn in Fig. 329 being 
thus arranged. The principle is the same in either case, the object being 
the prcKluetion of a jKiweidul field at the lower front imrtion of the drum, 
llie fine slimes pnalueed in crushing ore are apt to adhere obstinately 



to the concentrates, and it is an advantoge to get rid of these slimes 
laiforc the pulp passe's to the concentraUir; unless some arrangement 
is, however, introduced fur arresting them, the slimes of the magnetic 
mineral may be lost with those of the non-magnetic portion. This 
ditficulty has been overcome by the intraduction of Orfindal’i' Magnetic 
SUme-box, shown in Fig. 331. It consists of a relatively narrow box, 
triangular in vertical section, into which the pulp flows through the 
launder B. It is met by an ascending stream of clear water from the 

' Jifum. Iron and^Uti Inti. VoL Lxv. KKM, p. 40. 
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pipe A, through whifh the eoarser particles fell and then floV off tlirough 
the pipe C to the separator, whilst the slimes flow over.tlie isirtitioii at J9 
and off through the tube E. So fer the appliance is merely an ordinary 
upward-current elassifier (p. 234); above the bot, however, is placed the 
hatchet-shajred pole-piece of an electro-magnet M, similar to that used 
in the separator but less powerfully magnetised. It is too feeble to 
attract the coarser particles of magnetic material, but the fine magnetic 
slime is arrested on its way to /> and accnmulates at the surface of the 
water (the magnet lasing unjble to lift it out of the water) until it forms 
masses of such size as to droj) down and la; carried away with the 
coarser ore through (\ Tims practically all the non-magnetic slimes 
are got rid of, whilst at the same time none of the magnetic material is 
lost. It would apiKiar that magnetic )iarticles thus agglomenttol in a 
magnetic field rchiin a certain amount of magnetism and have a tend¬ 
ency to cohere, and are therefore less troublesome than ordinary slimes. 
In practice the crushed mineral goes first to this magnetic slinic-lacx, 
and the pulp that escapes from C goes to the separators; one magnetic 
slime-box surtiees for a double separator. Such a plant will treat from 
5P to KHI tons per 24 hours, ground to alxmt ll■()2 inch; it takes a current 
of (i amiKjreH at 12(» volts and \ n.i>. to drive the separator; the waUu' 
consumption is 4(i to .V) gallons i)er minute. The single machines are 
made in two widths and alK)ut 24 inehes in diameter; the narrow 
machine takes a current of 7 amps, at 110 volts, and treats 3'.) tons per 
hour; the double width machine takes twice as much current and will 
treat up to 7 tons per hour. The fonner requires O'd H.i’., the lattiT 
OT) H.i>. to drive it. These machines are often set tandem, a wide 
machine first to get rid of the bulk of the non-magnetic gangiie, followed 
by a narrow machine to clean the concentrates produced by the former. 

It may be |x)intcd out that all these magnetie separators are worked 
with continuous currents; alternating currents can lx: employed, but 
are not advantageous, and are apt to cause undue heating of the cores 
and coils. 

Attempts have lx;cn made to employ the rotating fields produced by 
polyphase currents, by means of which magnetic i)articles brought 
within such fields can be caused to travel even though the pole-pieces 
be stationary, so that it is iwssible in this way to construct magnetic 
separators without any moving parts whatever. Several appliances 
based on this principle have been proposed and some have even been 
tried, but up to the present none can be said to have passed beyond 
the experimental stage. 
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. II. SliPAUATION OF FEBU1.Y MAGNETIC SUBSTANCES. 

it lias Ixicii iioilitcd out that tlie attractive ptiwer which a magnet 
can exert upon aii}' Issfy tlc|icmls, other conditions remaining the same, 
u]S)n the magnetic susccptihility of the liod}' and the strength of the 
magnetic field. In order to attract a Isidy of low magnetic suscepti- 
hility, a field of very great strength must Isi employed. This principle 
was first applied practically Iiy .1. I’. Wetherill in tlie year lH9(i; he 
olitained magnetic fields of the reipiisite' intensity by using wedge- 
slmiied poie-iiieces, and by putting these sufficiently near together, 
llie original object of the invention was to sejiarate franklinite and 
tephroite from willemite anil other oi’cs of nine occurring at Franklin, 
New .leisey, F.S.A. Since then, however, the principle has found 
e.vtended application, amongst the separations effected by these 



Kig. atig, Reivaiui-WetluTill woimnitof. Siilc iiml ciul vleviitions. 


machines la'ing zinc blende from galena, iron pyrites, copper pyrites^ 
etc., spathic iron-ore from zinc blende and other minerals (dark coloured 
zinc blende, which contains a considerable iiroportion of iron sulphide, 
haa a tolerably high magnetic susceptibility, whilst pale yellow blende 
is almost non-magnetic), wolfram from tinstone, quartz, etc., garnet, 
rhodonite, etc. from blende and gtdena, hombleniky from apatite, 
liinonitc, haematite, and sjiccular ore from quartz and similar minerels, 
dolomite from gtdena, etc. 

The principle has been applied in several different ways'. One of 
* the simplest and the roost efficient is the “Crou-Beit Uachine,” a 
modification due to Mr Rowand; as shewn, in side and end elevations in 

* TVflHH. ^mgr. /ait. Min. Eng. Vol. xxvi. 1S9(I, p. .Hot; The Mineral Jndiutrg, 
Vol. z. 1901, p 770. 
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Fig. 3.32, and in perepective in Fig. .3.33, a carrying belt'F (Fig. 3 . 32 ) 
receives the ore that is fed on to it from the hopper H by means of the 
feed-roller R. It passes between the pole-pieces of two, or more, electro¬ 
magnets, if, M\ whiih have fiat imle-pieces L, U, below the belt and 
wedge-shaped pole-pieces P, F, above it; owing to the intense concentra¬ 
tion of the lines of force in the narrow edge of the npiajr polo-pieces, these 
lift even feebly magnetic particles off the belt; below each of the upper 
pole-pieces are travelling l)elts, T, T', to the lower snrfaces of which the 
magnetic particles adhere, and by which they are carried clear of the 



Fig. .S33. Kowiiiid-Wcthorill Kepiiriitor. I’crKjKJCtive. 


lower belt, until they are outside the magnetic field, when they dro]) 
into receivers 1", the non-magnctic tailings dropping into the bin %, 
Usually two or three pairs of magnets are placed successively across 
the carrier l)elt, and as each jiair is usually more powerful than the 
preceding one, minerals of difl'erent degrees <if magnetic susceptibility 
can thus 1 k^ removed Fig. .333 shews such a machine with two electro¬ 
magnets. The standard machine has a licit Iff inches wide and takes 
i H.P. to drive it; it has three electro-magnets, which take respectively 
5,15 and 30 amperes at 110 volts; the caiiacity of the machine varies 
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Kig. 33A. Ulwrafatp’ Wetljerill wj^ttrator. I’enipective. 
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with the magnetic s^usceptibility of the mineral treated ilnd with ita 
coaraeness or fineness from ()'3 to 6 tons per hour, being greater on coarser 
mineral. Its capacity is greater on more nuiguetic substances, the 
velocity of the belts be^ug regulated by this clianpjteristic. On ordinary 
ores, such as spathic ore, specular iron ore, etc., the average ca])aeity 
of a 6 pole machine is 1 ton per hour, and the total |)ower con¬ 
sumption 3^ H.l>. At Franklin such machines have treated up t<i tons 
per hour. 



Pig. 336. Wotlicrill aeiMrator, tyi* 2, I’eraiKictive. 

A very convenient small machine is made on this principle for 
laboratory tests; this has two belts at right angle* to each other, both 
poles of the electro-magnets being above the upi)cr belt, as shewn in the 
subjoined diagiam. Fig. 334; tlie ore to be treated flows out of the 
hopper .Hon to a carrying belt surrounding the pulleys I) and t)'\ over 
this is supported the magnet M with pole-pieces P and a Iwlt T 
travels horizontally beneath the latter, and carries the magnetic 
particles attracted up to ita underside clear of the carrying Ix^lt, when 

L. . 28 
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diajfrainmaticttllv in Kig j j? Tlier. ^•^‘ig shewn 
Pole-piec.es />, />■ ' J T, with 

. Hn.1 / , the ,K.Ie P b.ng of opposite polarity to the 



off by the momentum it has Lu’ired 

-0.^; in the ma^Lic het 
the edge of the pole-piece P and then dmps into fI 
* ni8 in&chiiie will treat matprin] /\P « i 
ind absorbs relatively little current, sensibility, 

r the magnetic material has 
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only to be deflected^ and not lifted On the other haudj it is very 
troublesome to adjust, and there is considerable wear boHi on the pole- 
pi^ P and on the belt It can treat about i ton per hour, and may be 
used on comparatively hoarsely cnished material., 

A third type is shewn in Fig. 33B, a diagrammatic representation of 
its working parts Iteing given in Fig. 339. 

Here the mineral, fed as before by the feed roll R from the 
hopper If on to a carrying telt F, is brought within the field pro- 



Kig .tiS, tVftliL'rill Ht'iiariiOir, ty|)f a 1'erapc‘ctive. 


jdneed i>y three electro-magnets P, P' and the central iwle P 
having an oi)[K)8ite [wlarity to the other two. The non-magnetic 
portion drops ofl' the end of the carrying l)clt into the receptacle 
Z-, the magnetic isndiou is drawn upwards into the intense mag¬ 
netic field produced between the three pole-pieces, and thus against 
the belt T, by which it is carried a greater or leaser distance in the 
direction of the travel of the belt, so that the more magnetic portion 
drops into the receiver Y, and the less magnetic or middlings into the 
receiver Y'. The different grades are separated by means of the 

* . 28—2 
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adjuMable sliuttere S, S'. This machine combine^ to some extent the 
principles of tiio two first, and is intermediate between them in its 
operation. It requires more electric power than the last one, but less 
than the first, the driviii); of the machine requiftng only about J H.P. 
It can treat from 1 j to lij tons of mineral imr hour. 

All these Wetherill machines are built by the Humboldt Machinery 
Com|mny. 

Ibe Hechemlcb' Magnetic Separator is an adaption of the same 
principle, in which belts are replacedby rjjlls. It is shewn in vertical 
sections in two planes at right angles to each other, and in horizontal 



seciion in Figs. ;)-t0 and 340*. It consists essentially of two rollers, the 
axes of which are horizontal, but are not (piite in the same vertical 
plane. The rollers arc made of soft iron, and the central [jortion of each 
is wound with numerous turns of insulated copper wire, so as to 
convert the ends of each into pole-i)icces, the upper and lower cylinder 
ends having opposite |K)larity; these ends are corrugated in the upper 
cylinder, smooth in the lower, which is moreover cased with stout brass 
or some similar non-magnetic substance. Tlie rollers are very close 
together and rotate in opposite directions as indicated in Fig. 340. 
The ore drops out of a pair of hoppers, provided with gates capable of 
Iwing closely regulated, on to the two poles formed by the ends of the 
lower cylinder; this acts as a feed-roll and carries the two streams of 


Bull. Soc. Ind. Min. Vol. xiv. ISOO, p. 1231. 
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ore forward until %y come within the intense magnetic iieldj fomicd 
between the lower smooth roll, and the edges of the corfugations of the 
upper one. Tlie noii-magnetic portions drop straiglit down off the ends 
of the lower roll, wliflst the magnetic ]H>rtion» arc attracted towanls 
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formed by the upper roll, and are worried by them to’a 
^ter or Imer distance according a« they are more or leee strongly 

"•^etu, Tlie makers claim that their machine has many important 

* 
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although the pole-pjfces in this machine reTohe, the magnetic field is 
stationary, and the action is therefore equivalent to tliat of a machine 
having fixed pole-pieces surrounded by a moving drum. 



Fig. 341. Edisun separator. I’laii, foiiit ami side elevatiuua 


Edison has applied his deflection principle to the treatment also of 
feebly magnetic bodies. The appliance a^d the mode of operation are 







440 . The Dremng of Minerab 

exjictly the 'same uh in Fig. 310. The pole-piec|!8 are however, as 
ahewii in Fig. .141, much narrower, namely 1 foot 4 inches as against 
4 feet, the windings are far more numerous, and the current employed 
is stronger. This appliance is used at Dundei^and for the concen¬ 
tration of siajcular haematite; a complete bank consists of 0 magnets, 
and the caiwcity of such a bank is alsmt 1 ton of ore per hour, the 
current consumption l)eing almut IOe.h.p. 

Hitherto no wet jmjcess has Isjen devised for the separation of 
feebly magnetic Isidics; it would seem aj though the tractive force 
which even isiw'erful magnets can generate in such bodies is not 
sufficient to overcome the resistance to their motion caused by the 
water. There is, however, no reason why it shonhi not lie possible to 
devise such miwhines, the deflection principle being perhaps the most 
promising. There is every reason to supi)ose that there will be a large 
field of useful work o|)en to a successful wet concentrator for feebly 
magnetic bodies. 


Klkctkk.'ai. Sepahation. 

Differences in the ('letdric conductivity <if minerals have also been 
made use of to produce separation. 

If a |»irticle of mineral that is a good conductor is brought into 
contact with a pole highly chargeil with static electricity, it immediately 
becomes similarly charged and is repelled by the pole; in a bad con- 
duelor the process of eletdrification is much slower, and the mineral is 
accordingly not thrown off The principle of the Blake-Morscber 
machine, which aiiplies this proisTty to effect separation, is shewn in 
Fig. 3 I'2, according to the invenpirs'. The pole consists of an insulated 
mebd roller, ropiting as shewn; an even stream of dry crushed ore is 
allowed to fall on to this roller from a hoi)pcr, the good conductors 
lajing thrown oil' from the lailler and dropping into d, whilst the poor 
conductors fall almost straight down into I). The iKitcntces point out 
that it is impoasible to i)rodict without trial whether any given mineral 
will be a good or a laid conductor, as there are considerable variations 
in the conductivity of the same mineral species; thus zinc blende from 
Broken Hills, Australia, can be separated by its superior conductivity 
from zinc blende from Joplin, Missouri, U.S.A.: among the minerals 
that are usually good couductors, they cuumerate native metals, 
various metallic sulphides (excepting most zinc blendes) and graphite; 
amongst the bad conductors, quartz, various silicates, calcite, barytes, 
’ The Blake Miujpg aiul Milling Co.’a I’awithlct 
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fluorspar, etc. Oiij of the most usual fonns of the actual i^achine is 



shewn diagrammatically in Fig. 343. Tlie ore is fed by a screw conveyor 
]) on to two electrified rollers which sejarate it into concentrates, 
middlings, and tailings; the concentrate^ and tailings each [jass over 
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another jlectrified roller, which eepamtes the fonjer into clean con¬ 
centrates and uiiddlings, and the latter into middlings and final tailings. 
Tlic three classes, concentrates, middlings and tai^jngs are removed by 
the rcHf)cctive conveyoi* B, A and C. These m^hines, about 12 feet 
long, have a nominal capacity of 12 tons (ranging from 5 to 23 tons) 
per 24 liours, with a [wwer coimiimption of 1 h.p. They weigh about 
2i tons, and cost almut £200. The electricity is generated by a frictional 
machine at alsiut 20,000 volts. 

Tlie machines will work on material nyiging from 6 to 100 mesh, 
but do Is'Bt at ulsiut 20 mesh. They have been chiefly used for 
separating zinc blende from galena and other metallic minerals, also for 
concentrating molylHlenite and gra[)hite. 

Ski'ahation by Diffeukstial Sorfaok Tension. 

Under this head may lie grouped a number of methods, which appear 
to dciieiid iiijon a diflermice in the adhesive iiower of various liijuids to 
the surfaces of diil'erent minerals. In tlie absiince of any experimental 
data on this subject, it is im|H)ssibie to otter correct or satisfactory 
explanations of the observed phenomena; a few exjierimcnts have iieon 
made by Mr .1. F. Hamilton', who lias tabulated the iiowor recpiired to 
pull surfaces of mineral oti'a surface of oil under water. The tests are 
neither very complete nor very conclusive, but they seem to indicate 
that surfaces of metallic sulphides adhere to the surtiice of nil with 
greater tenacity tiian (to surfaces of such minerals as (piartz, ealcite, 
mica-shist, etc. It seems probable that the surface tension between 
water and mincmls such as (piartz, silicate, etc,, is greater than lietwceu 
water and metallic minerals. ^ 

Various attempts to utilise this principle were nnide; thus in 188() 
Carrie J. Fverson proposed to mix crushed mincrat into a stiff paste 
with oil and acid, and then to wash out the gangue with water, but the 
process apjieaiw never to have come into use; Sutton in 1892 tried to 
use oil for collecting finely divided goid precipitated from a soiution 
of auric chiorldc, and Robson and Cronader devised an oii concentration 
process in 1894, init one of the first practicable processes based on 
t this principic was the Elmore oil pwess, the first patent for wliich is 
dated 1898 (No. 21948). Elmore found that if sands consisting in 
jiart of a metallic sulphide (e.g. iron or copper pyrites) and in part of 
a siliceous substance, such as quartz, felspar, etc., are made into a pulp 

1 Jtiurn. Canatiia$i Mi», Intt^ “The Relative Attraction of some Ooniinon Minerals 
for Keaidimin Oii,’ Vot vn. 1904, p.J85, 
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witb water, and this pulp is stirred up with oil, the latter will adhere 
finnly to the metallic minerals, but not at all to the siHceous minerals, so 
that if the proportion of oil be sufiicient, it will form a layer above the 
water, carrying up with it the whole of the meflillic sulphidca Snlise- 
quently he found that this so-called “selective ” action of oil was in 
many cases promoted by the addition of a small amount of acid, an 
addition that was i»tented in 19(11 (No. (1519). 

The apparatus used in practice is shewn in Fig. 944'. The pulp of 



Kit'. Klav'O' "■! »ei«ral<ir. I’eniiwctivc. 
crushed mineral susiiended in water is fed into the mixer, which consists 
of three cylinders placed verti(xilly one above the other; each is alaiut 
10 feet (i inches long by .‘1 feet in diameter, made of galvanised iron, and 
having riveted to the inside a spiral blade 6 inches deep also of galvanised 
sheet iroiL The pulp together with a due proportion of heavy mineral 
oil (American residuum oil, the heavy oil left behind after distilling off 
petroleum, is generally employed) and acid, generally sulphuric, if 
required, enters the upper cylinder, and/he liquids are mixed by the 
■ Wiv. hd. Vnl. xi. 1902, 
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revolutioj] of the cylinder, wliicli, driven by geariiijf, makes about 6 turns 
per minute. TTie mixture is discharged into a [xiinted box, 80 inewha.t 
OH the principle of the spitzkasten, from the ujjpcr part of which the 
charged <iil flows oftl wlfllst the pnlp is drawn ofl'‘froin the bottom and 
passes to the next cylinder and thence into the third, so that the pulp is 
agitated three times, each time with a fresh lot of oil. The ptdp then 
flows into a large spitzkasten, where the remainder of the oil se|)aratc8 
out from it, and the pnlp then runs to Waste. The oil charged with 
mineral is then rnn into a tit imdi (knm g;entrifngal separator, i.e. a 
centrifugal machine with solid walls, having a flange at the top project¬ 
ing inwanis. This is first filled with hot water and when revolving at a 
high s]ieed (alsint 10(10 revolutions |kt minute) the oil is run in. The 
heavier mineral [msses through the wall of miter and settles against the 
outside easing of the centrifugal, the ligiiter oil aecnmulating inside 
the water until it overflows at the upper edge of the centrifugal paiu 
The oil flows into a sump whence it is pumped liaek to a storage tank 
ready to flow down again into the nnxers. The mineral aecumidates 
until the lain is fully charged: a cover is lifted from an aperture in the 
bottom of the pan, and the mineral is washed out through it, and 
[Misses to a second smaller centrifugal pan, fit) inches in diameter, where 
a further [mrtion of oil is l•emoved, the couceutrates being then ready for 
metallurgiiMil or other treatment; they are usually sold to smelters. The 
coneentrates are found to retain from fi to (i [K'r cent, of oil. (loueentrates 
of good grade were made by this process and in most eases a satisfactory 
recovery was obtained. It woihed ipiite erticiently on most native metals 
and metallic sulphides, except zinc blende, which, as a rule, was found 
to 1 k’ inea|)abte of adhering to the oil. Obviously the [uxiccss was not 
suitable to ores coiitaiiung a large pro|M)rtion of metallie sulphides of 
but little value, such as iron pyrites or magnetic [lyrites, but on ores 
carrying co|)|a‘r [lyrites, galena, cinnabar, etc., good results have Iwcn 
obtained. Technically the process was iinitc sueecs.sful, but the losses of 
oil were found to Iw heavy, pniliably due to [lartieles suspended in the 
pul|), and the process has not therefore Is'cn at all generally adopted. 

The same principle has lieen api)lied in various other ways; for 
example, at the Kimlwrley diamond mines a shaking table, the surtace 
of which was covered with thick giease, was used, it having lieen found 
that diamonds would adhere to the gmvse, whilst the remainder of the 
pulp did not. 

It is also possible that the adherence of metallic sulphides to the 
indiarublKT belt of the Frue vanner may be due in part to this same 
actioa 
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A number of ne,w processes Lave teen devised, known as Flotation 
Procenei, dating from a discovery l)y Mr C. V. Potter jiri9(il, that when 
the fine sands from tl|p Broken Hill Minos in Xew South Wales, contain¬ 
ing zinc bionde, galclia, carbonate of manganwc, (jiiartz, garnet, and 
other minerals, were thrown into a bath of dilute acid, minute hubbies 
of gas formed, which floated up practically the whole of the zinc blende 
to the surface, where it could easily be removed by mcchanioil skimmei-s 
or scrapers. This was patented as a working process (Xo. 1140, in 
1902), the inventor’s claim ^ing for a “ process of seiairating metals 
from pulverised suiphide ores, concentrates and slimes by nii.\ing an 
acidulated solution therewith, stirring, heating, skiinming or floating oft' 
such metals, from the surface of the whole admixture as they rise so as 
to recover such concentrates of metals ready for after treatment.” It 
does not seem that the inventor really understood the cause of the 
eftects that lie had discovered, and he certainly did not apfwar to 
appreciate the part played by the carbonates and csixjcially the 
rhodonite present in the ore. The real rationale of the iiroeess is still 
obscure; broadly speaking it ai)peai's that water adlicrcs leas firmly 
to zinc blende under these conditions than to the other mincmls, hence 
the bubbles of gas are forced into closer contact with the particles 
of blende and cling more firmly to them than to the other minerals, 
thus floating them up. It was at first thought that tiie gas to wliicii 
flotation was (iue was sulphurctteil liy(ii’ogen, but it was soon shewn to 
bo carbonic acid gas, evolved liy the action of the diiute acid on the 
carbonates present, so that the process in its original form could only te 
applied to ores that contained such carbonates. 

In 1902 Mr (J. D. Delprat modified the process by using a solution of 
*8alt-cake instead of sulphuric acid, and a nnnit)er of further modifications 
have teen proiwsed by othens, such as Ijiike, Bavay, Stalman-ficrmer', 
Cattermole, Sulman-Picard, and Elmore, in most of which the flotation 
effect of gas or air bubbles was increased by the introdiietion of some 
greasy w oily matter. It is (piitc [wssible that in the original Elmore 
oil process the buoyant effect of oil was increased by tlie presence of air 
bubbles, but these latter were only aceidental and were not puri)osely 
introducerl; in ail cases their deliterate introduction seems to have 
teen Bub8e(]uent to the discovery of Potter's alstve mentioned. 

It is not clear whether the Cattennole process is a flotation or an oil 
separation process; he jjatented (Xo. lll,otl9 of 19():t) the aggiomeration 
of metalliferous particles by adding 4 to 8 per cent of tl(,cir weight of oil 
to the pul]) containing them, and also claimed (Patent Xo. 17,109 of 
• Mill. hid. Vol IV. 1906, p. 774 
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1003) the UHe of oleic acid instead of oil; the oleic acid could be 
generated by the action of mineral acid on a solution of soap. 

The Sulman-Pickard-Ballot proeess, worked by^the Minerals Separa¬ 
tion, Ltd. (Patent No. 7#l):i of 1!»()')), proposes to igitatc vigorously the 
pulp with less than 1 jier cent, of oil or oleic acid and a similar propor¬ 
tion of mineral aeid in a siwcial mixer, when the metalliferous minerals 
rise in the form of a froth or seum and can be He|)arated in a spitzkasten. 
The process has hardly passed l)cyond the exi)erimcntal stage. 

The Lake iwoeess, due to Mr Aleide Kromwit of Traversclla, Patent No. 
12,78(1 of 10(12, is stated by the inve[(tor to depend on the following faets: 

“ 1. When the natural sulphides redueed to powder are moistened 
by a fatty sulwtance, they have a tendency to unite in .spherule.s and 
to float upon the surface of water. 

2 . This Umdency is simply retarded by the specific weight, and 
opposed by tile gangiie which imprisons the moistened sulphides in its 
pulverulent mass. 

3. If a gas of any kind is liberated in this mass, the bubbles of the 
gas liecome covered with an envelo]ie of sulphides and thus rise readily 
to the surface the li(|uid where they form a kind of melallie magma. 

t. The formation of these metallic spherules is singularly active if 
the gas is in a nascent state.” 

The inventor lias stated the principles of his proeess clearly enough, 
though he does not. seem to have appreciated how largely the ctfects are 
due to surface tension. It Is ap|«ii'enlly because the adhesion of water 
to the gangue is stronger than to the metallic sulphides that the 
bubbles of gas adhere more firmly to the latter, being as it were forced 
closely against them by the tension of the water. The effect of the oil 
seems to lie to accentuate this action by increasing the repulsion' 
between the oiled surface of the sul[)hidea and the surrounding water, 
due to the surfiice tension of the latter. The jirocess has not come into 
extended praetical use. 

Tlic Elmore vacuum proceu has recently assumed considerable 
importance, because it was found to lie applicable to a numlier of 
minerals besides zinc ores, and is, for example, at the present moment 
^being employed to treat the slime's of copiier ores. 'Ibe process is a 
flotation process which consists in generating bubbles of jpis in the pulp 
by exposing it to a ])artial vacuum, when the air disaolved in the water 
rises up through it in the form of bubbles; a very small proportion 
of oil is added to the palp, whieh apjiears as in the Isike process, to 
decrease tJie atlliesiou between the metallic sulphides and the water, 
and also enough sulphuric acid to just render the puip slightly acid; the 
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action of this is obscure; it may possibly act by dissolving iff any film of 
oxide that may have formed on the surfiice of the milphidos, or by 
neutralising any alkalinity in the watei', whereas Uke uses acid to gene¬ 
rate carbonic acid gasfrom the carbonates which lie adds to his ores. 

An external view of the essential portion of the apiwmtus' is shewn 
in Fig. 345, whilst a diagrammatic section of the whole plant, according 
to the inventor, is shewn in Fig. 34(i. The pulp to lie treated flows into 
the mixer A, somewhat similar to the mixing cylinder u.sed in the 
Elmore oil process, making^ 16 t<) 40 revolutions jicr iniimte, oil and 



Fig. 345. Kluiore vucumn HCpimitor. PcrH|>ectivt‘. 


acid being allowed to flow through regulating taps into the funnel B. 
y The mixture flows into D, which forms a small tank alxive the feed 
pipe lending to I, the vacuum separator projicr. Tliis consists of a 
conical vessel as shewn in Figs. 345 and 346, within which the 
scraper L rotates slowly (I to 2 turns per minute). The feetl-pijie 
enters in the centre of the bottom of the separator; the piiie J com¬ 
municates with an air pump which maintains a partial vacuum in the 
upper part of the separator; as the pulp flows up the feed-pipe and into 
the separating vessel, air bubbles form in it by the action^of this vacuum, 
and the particles of metalliferous mineral, which cling to these air 
' Patent specification, 17,816, 1904. Patentees’ Pamphlet 
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bubbles and are tliiw floated up by them, flow ofT into the cef 
ring K and thence escaia; tlirough the pii)e E, The reinainde| 
pulp Hcttlen to the Initlxmi of the «e|)aruting chaml)er, and iij[ ®8,rried 
by the action of the rctating Heni])er L U) an annular groovy "'hence 
it CHcaiws through tlie |)ii)e F. The ])i|)eM E and F are H^swhat 



lunger than the Imrometric column, and thu« seal ott' the vacuum 
lierfectly; at the aame time the tulKia E and F lieing longer than the 
feed-piiK) form a kind ()f ayphon arrangement which hcliw to draw the 
pulp up into the aei)arating chamber. 

A plant haa,recently been iiutalled at Dolcoath which isahewu in the 
accompanying drawings', Fig. lit/; it is intended to recover the finely 

' rauiphlet iwued by Inventor. 
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divided copper pyqtcs contained in the pulp a« it comee from the 
stamps. This is nin into a conical scttlinj; tank or'spitskasten .1. 
fitted aith a mcclianl^ll)’ worked valve, opened at definite intervals, so 
as to allow only the •sufficiently thickcnc<l pulp to run off; this flows 
into the mixer B, where it is mixed with oil and acid, and is then 
drawn uj) the tube C to the vacuum se|)arator 1 ); the pyritic conceii 
trates flow off throuj;h two pijws E and the remainder of the iml]) 
tlm)Hgh the pi[H.‘s F to a small 1k)x G, whence it flows to the tin-dressinj; 
plant; H is the air pump i^odueins the vacuum, comiccte<l with the 
ae])arntor by the pipe K is an overflow vessel which catches 
any concentrates that run over, so that they may not get into the 
air pump. The air pump and all the i)lant are run by a small electric 
motor. 

In an ex|)erimental run the plant treated tons of (dry) pulp 
la-r hour, and used '.V~ lbs. of acid and Id lbs. of oil |)er ton of ore; 
the crude pulp contained 2dl i)er cent, of coi>per, the eoneentrsites 
priMluced by the machine contained I7'-I l)er cent., and the Uulings trad 
per cent, the recovery having t)oen from i)2 to!)(! jierccnt of the copiatr 
present. 

The apparattis is usually made with a vacuum separator feet in 
diameter, which is considered the standard size. It re(piires 2 to 2^ ll.l’. 
to drive the complete unit, whicli can treat from 20 to 1(1 tons jk-t 21 
hours. Tiie (piantities of oil and acid rerpiired vai'y for diflerent ores, 
and range from .d to dO lbs. (ter ton of ore. The process has Ijeen tried 
on a large number of ores with results entirely satisfactory, extractioim 
of over Oil per cent. Iieitig frecpiently obtained. In regular running on 
the hiilings from a mill dressing copper ores, which tailings contained 
3 IKT cent of coijjier, 21 per cent of concentrates with Tl [a'r cent 
of copper were produced, whilst the tailings from the se[)arator can'ied 
only O'd jKW cent foot machine treated about I.') tons |ku' 21 hours 
and used about 7 lbs. of oil and 2.i lbs. of crude sulphuric acid per ton of 
material treated. 



CHAPTER XI. 

ACCKSSOItV APPLIANCES. 


.\ .NUMUKit (if iicceuKdi-y iippliaiioes iii-d cmploy(.‘(l iiliiiut drenHins 
wiirlvH, which, whiliit nut (lre.saiii)t iippliiiiiccH. Htrictly apcakinj;, tire yet 
(if dfeat iiiiportJiiice in ciimiii); nut tlic work. A few of the more 
iiiiportiiiit Ilf thcMC! « ill tic lirictly coiiaidcrcd. 

Transport of mineral to the works. In very many cases tlie dressing 
works are (piitc close to the mine, and at times the month of the main 



Kig. MS. Siilf-tiiiiiili); iiiiiii' car. I'cr«|a!ctirc'. 


lulit or main shaft of the mine is actiinlly within tlie dressing works; in 
all such cases the miiicnd is brought into the works in mine ears; in 
some eases these are made side or end tipping, Imt, as a general rule, 
miners prefer a rigid car with fixed sides, and the underground roadways 
arc rarely wide enough to admit projier tipping ears.. A side tipping car 
of suitable [lattcrn is shewn in Fig. atll, where the dottcri lines indicate 
the position of the bixly w|jen in ordinary use, the body being shewn 





__L_ y fwir 

> 1 ^. 3r)(i. Kiniplc cnd*tij>|ilc’r. .Side and end elevationa. 

lu lar/rer niiiicii it is more usual to use cars witli fixed sides aud to 
use some fonn of “Tippler" or “Tumbler” for turning the cur over 
and thus emptying out its contents. 

Tipplers arc of two kinds: end tipplers or “Kick-nps” and side 
tipplers. , 

A usual form of End Tippler is shewn in Fig. IhiO. It consists of a 

* t 29-2 
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cage or platform hung from trunnions on either sid^, on ^ 
teye<l a brake drum fitted with brake strap and lever ^“^ed by the 
llie rails o.i the floor of the tippler are tuH f 
w. as te grip firmly the wheels of the mine car whef, run on to fp? ej. 
The axis of susi)cnsion h.rmed by the trunnions is so arranged that the 
centre of gravity of the tippler with a loaded ear in ,K.sition comes 

when the ear is empty. On running on a full ear and releasing the 


w 
fo«)t 
80 



brake strap, the platfonn with the car is easily tipped foroard, whilst as 
soon as the loail of mineral has been discharged, the tippler is easily;, 
brought liaek to its original position. . . „ , ^ 

A mpdificatioii of this, the usual arrangement, is known in Scotl^ 
asIM^s Tumbler', and is shewn in Fig. 351; this is furnished with a 

sheet iron homl, whidi when tlie car is tipped up forms a shoot for 
«• 

1 Tfmi. SmOaiiil, VoL xi. p. 1«4. 
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delivering the mineral (in this case coal) smoothly and ^ntly, *nd thus 
diminishing breakage. 

Another foim, iuVhich the mine ear is held in place by pieces of 
angle iron riveted to the sides of the tippler, is book’s Tumbler’ (Fig. 
H.W); in this the car is completely inverted when tipping takes place. 

The objection to end tipplers is twofold, fii-stly that the mineral is 
thrown out roughly, and is thus, in case of a tender material like coal, 
apt to be a good deal broken up by its fell, and secondly that their 



Fig. .352. Cook’s tuinhicr. Side elcvaticjii. 


operation is slow, l^cause each car has to be run on to the tippler and 
then back again on the same road, an operation that must be performed 
by hand, and which takes time. In side tipplers the mineral can be 
discharged more gently, and the cars can be run in at one end of the 
tippler, tipped (usually making a complete revolution), and then, when 
the empty car has returned to its original position, run out at the opposite 
end of the tippler, so that the travel of the cars is continuously in the 
same direction. Furthermore such tipplers can readily be driven 
mechanically and may be made quite automatic in theif action. There 
' Travt. Min. Inti. &i<gaiui VoL IL p. ISO. 












are veoviuuiy types, oiilya few of which*will be re —^ 

liere. ' / • * 

A jairticularly simple form, which is intended to work like a kick-up, 
but to tij) sidewavs so its to kee]) the cars moving only in one,direction, 



Fig. 353. Tiitc’u tippler. Finn, side ami end elevations. 

is Tate’i Patent Tippler shewn in Fig. .3a3. The more modem 
tipplers consist of cages supported on rollers, into which the car is run, 
and are driven by friction, by gearing or by chain drives. 

A Frlotlon-dtiTen Tippler, patented by Messrs Head, Wrightson & 
Co., ltd. is sheivn in perspective in Fig. 354, the details being shown in' 
Figs. 35S and 3S5‘, It consist^ of a circular cage, into which the mine car 
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is run, carried upon (pur rollers. Onaof these is the driving roller, having 
i(s tread cut out into a groove, thus: , into which fits h corresponding 

ring that forms partVif the cage, this fonning the friction drive. The 
driving roller runs lodse on a shaft which is conlinuously driven off any 
convenient ])ortion of the innchiucry of the heapstead. On this shaft 
is a sliding clutch, which can be made to engage the driving friction 
roller by pulling over the handle A (Fig. 35.")) of a short lever, this k’ing 
done by a boy in charge of the tipplei'. The latter then revolves, and 
whenjit has completed its rcvj)lHtion, the smidl wedge B pushes back and 



Fig. 3.'i4. Friction-driven sifie tippler. Fersjfective. 

frees the clutch and thus stops the tippler, which is further held in its exact 
position by the trigger C on the handle slipping over the pin shewn, 
A loaded car then runs into the tippler, the track to which is usually 
on a gentle gradient, and pushes out the one that has just been emptied, 
which continues to run forward. Sometimes the services of the 
attendant are dispensed with, the empty tub, as it runs out, pushing 
over a lever which is linked to the starting lever A, and thus working 
the tippler automatically. , 

The mechanism of a gear-driven or positively-driven tippler by the 
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same makers, and ^uite identical in principle with the lU named, is 
shewn in Fig. 356, % lettering being the same as in Fig. 355. ‘Tipplers 
arc sometimes made with unc(iual motion, so as to empty the full tub 
slowly and bring it liack again rapidly ; some are made to hold more 
than one tub at a time. 

For transport over moderate distances, es])ecially in hilly countries, 
wirc-roj)e tramways may Im used with much advantage for carrying the 



mineral from the mine to the dressing works; there arc two main types of 
aerial tramways, namely the double- and the single-rope. In the fonner 
there is a heavy fixed rope or rail-roix; on which run sheaves or rollers 
from which the buckets containing mineral are hung, and they are 
liauled along by means of a light endless travelling rope. In the single 
rope system there is only one endless rope, which travels on suitable 
sheaves and to which the hangers carrying the buckets are clipped. 
The selection of the proper type for eacjf particular case depends upon 
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a number of circiinintaiices; here it need onl.y l)c ijiid that the single 
type is usually phcEerred excejn in the case of steep ^adients, long spans 
or heavy loads, when the double rope system, though more exiKjnsive 
to instal, is usually the Inorc siitisfaetory. In botll systems the hangers 
earrying the buckets run on to a length of rigid rail at l)oth the loading 
and the discharging terminals, and the buckets can lie tipped at any 
desired ])oint along this rail, either by hand or automatically. 

For the transport of large 
(jiian^ities and to long distances, 
mineral railways are often used. 
The licst plan wherever practic¬ 
able is to use hopiKir ears, and to 
run these on to gantries over the 
point where the mineral is to be 
deposited; usually the doors at 
the bottom of the ears are opjened 
by hand, but automatic tripping 
devices have been used, by which 
the deni's are made to open auto¬ 
matically, and sometimes whilst 
the train of cars is in motion. 
In other eases ears with movable 
sides or side doors have been 
used, so that the mineral is easily 
sliovelled out sideways. In a few 
eases the ears are run on to a 
Mccliauismorgciir-ilrivcn section of track which is-swung^ 

tii)|iler. Kml olevatioii. on pivots, so that one side can 

1)0 raised, often by means of 
hydraulic rams, until the ears arc sufficiently inclined to discharge 
their eontents. 

The advantages or otherwise of any of these arrangements depend 
essentially upon the cost of unskilled laliour; when this is cheap, dis- 
cWtpng by hand 'w wol infrequently more economical than any of the 
above automatic or labour-saving devicea 

Storage o' mineral. The mineral when brought to the di'essing 
works has usually to l)c stored, so as to keep iu baud a sufficient stock 
to enable the w;prks to be kept goiflg in ik^-aecident to the 

transport arrangementa It ij usually considered that there should be 
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being atout ^r)', whilfit spoutH areiBuitably arranged for the discharge 
of the mincraf. ■Tlicse spouts communicate witlj the interior of_ the 
hopper by means of Oatei, by which tlie discharge of mineral is controlled. 
It is often re(|uircd t(f have a more or less confiuuous discharge, the 
amount of which requires regulating. In that case a sliding gate is 
used, the exact jiositioti of which can lie adjusted by raising or lowering 
as required. The l)est iiiTangemciit is probably that shewn in Fig. 357 
in which the gate is fitted with a rack in which gears a pinion actuated 
by a hand wheel. For wide gates » |Kvq' of racks and two pinions 
on the same shaft are preferable. .Sometimes the gate is oidy a plate 
ot stout iron, that can Ik! raised or towered by a chain, or that can 
be fixed in any desired position by means of a pin or a wedge. 

Sometimes it is less inqairtant to control the rate of diHchargc than 



Kig. 3.58. Droiwloor with 
lover. Dittgram. 


Fig. 3.5!). Rising door Fig. 360. Cylindrical door, 
with lever. Diagram. Diag?*ammatic section. 


to let out rapidly a quantity of mineral and to stop the discharge 
abruptly. This may be done by having a binged shoot, the pulling up 
of which against the side of the bin closes the apcrtuie. The gate may 
also k' a door raised and lowered by a lever, as shewn diagraminatically 
in Fig. ,158, which enables the height of aix^rture to be ae^justed and 
also to be closed rapidly at will, and which answers well for mineral 
broken small; fi.r coarae pieces it is less effective, because it may come 
down upon a big pie(i', which will prevent its closing down properly 
and may thus leave room for smaller pieces to run out For coarsely 
broken mineral, the gate is l)est made of an iron plate pushed up 
through a slot in the shoot, by means of a link and lever, as shewn 
in Fig. 359, which does not however provide any means of a(^ustment 
Another satisfactory fonn is shewn in Fig. 300; here the gate 
is ft portion of tho surfftce of a ovlIndAr vRiaIi /tail Iwa .. 
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horizontal axis by levers as Bhewri;_the gate may thus hi opened and 
closed very smoothly and evenly. 

A still better form of cylindrical gate, for use when an 8(\jiistablc 
aperture is not requised is shewn in Fig. 3(il, wliich gives the details of 
its construction. In Fig. 362 the position of the gate is shown diagnun- 
matically, when closing the bin at A, and when the a|M;rturc is oiicn at 
B. As will be seen the gate is formed of a plate of iron about J inch to 
J inch thick, the curved face of which forms the gate proper, whilst the 
flat |)ortion forms a part of the 8|ioot when the gate is o[)cn. This form 
is very convenient in practice. 

Construction of bins. Smaller ho|)|)cr8 arc usually built of stout 
boiler iron, riveted to angle iron corners; this construction is shewn 
in connection with ndLs in Figs. lU and 120. More rarely they arc 
supjKwtcd on wooden frames; sometimes also they arc made of stout 
plank lined with sheet iron, occasionally of cast iron jilates. Larger 
bins or pockets are made of almost all materials; they are at times 
built of masonry, or even of dressed atone, these being very satis¬ 
factory and i)ermanent materials but high in first coat. They are mostly 
framed of stout timbers, and built of planks about 3 inches in thickness; 
such bins arc shewn in connection with a stamp mill in Fig. 133; a good 
jilan consists in making the lining in two thicknesses, an outer one say 
of 2 to 2i inches and an inner one of 1 to | inch, the inner one being 
readily renewable when worn. The outer jdanks should run diagonally, 
whil,' t the inner ones run vertically, in the directioti in which the mineral 
slides. Bins are often built of plank lined with iron plate 1 to j inch in 
thickness. The bottom, which is exposed to most wear, is often laid with 
,eaat iron plates. A very good arrangement consists in lining the sloping 
bottom with old rails, laid as closely as |) 08 sible together; fine mineral 
soon packs into the space between the heads and a very durable lining 
results. 

Of late toars large storage bins have been built very successfully 
of ferro-concrcte’; several of these have licen erected in France. They 
may lie lined with iron in quite the same way as wooden bins. 

Conveyori. Mineral frequently requires to Iw conveyed from one 
lart of the dressing works to another; this is sometimes combined with 
a certain amount of lifting, so that conveying appliana's act also as 
elevators, and the latter term will therefore be restricted here to lifting 
mineral iu an almost vertical direction. 

‘ Tiant. Min. ln»t. Eng. VoL xxxin. 1W)7, p. la, 
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Coarsely broken^ mineral is iisi^ly, and finely crushdd mineral is 
sometimes, carried in cars of the same form as mine_ cam, an ^)rdinary 
side' tipping car being particularly convenient; the capacities of these 
vary nsually between* 15 and 25 cubic feet, andatliey run on tracks laid 
with light rails, the gauge being usually l!l to 30 inches. For short 
distances and small total (piantities they are gcncndly pushed by hand; 
for long distances, practically horisontal, endless wire roj)e haulage, or 
prefeiably i)erhaps endless chain haulage may l)e employed For short 
distonccs, and large (piantities, ijppecially whei'e loads have to lie taken 
up an incline. Creepers are used. These consist of an endless chain 
running in a suitable channel in the centre of a ntilway track lictwcen 
tlie rails. At pro|ier intervals pieces arc secured to the chain which k'ar 
again,st the a.vles of the cars, and thus carry the latter up the incline. 



Kig. ;tli4. ('rcopiT cliiiiii. Side clevatifiji iniil wjctiini.. 


*These iiiccc.-; automatically engage the axles of any cars run on to the 
foot of the incline and the cars automatically run off at the head, the 
track lieing caused to slope downwards away from the head. 

.Su ti a 'Tceper is shewn in Kig. 303, this representing a colliery 
creeper for running empty tails up an incline, the details lieing clearly 
shewn in the figure. A somewhat different fonn of chain is shewn in 
Fig. 36t, in which the catching piece, A, is a simple triangular piece of 
iron plate, whilst Fig. 305 shews a flat linked chain of sufficient width 
to maintain a straight line, with the catching pieces. A, that engage 
the axles secured to the middle. The sjiccd of a creeper chain must 
be slow, say 2 to 3 miles per hour; somewhat higher speeds may he 
employed by using a pushing piece with a spring buffer, but this adds 
comnlications and is not in anv irrcat favour. 
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All the k'arious forms of picking belts described in Chapter Ilf, 
pj). iilay l)c used for conveying i)urposcs*belte of the Robins 

I)nttcni, p. !H1, l)cing largeiy used for this purix)6e. These beitsmiay 
l)c up to 0 ft. in widtU and will work on gradients of as much as 20°; 
their s])eod may Ik; as much as (iOO ft. ixjr minute. The Jelh'ey 



Fix. 'ill'’' Cri'cu'r Sidu (.‘Icviitimi lUiil )iliiii. 


Century Conveyor, Fig. 3(i(!, difi'ci's from the Robins in that both 
sides of the Ixilt are inclined, whereas in the Robins, as shewn in 
Fig. (!.'), the central ixirtion is horizontal; the Jeffrey (amtiirv conveyor 
uses an indiarubber l)elt like the Ibdiins. Woven canvas beits iiave 
also Iteen used successfully for conveying purposes. 



Fig. ;i0tl. .leffrey ceiitiiry (-(inveyor. 


Bucket Conveyors, consisting of a series of bo-xes^ carrierl on link 
chains fitted with roiiers, are also used for moderately small stuff. 
Fig. 367 shews such a conveyor made by Messrs Uraham, .Morton 
& Co., Ltd. 

All the swifigiug screens described in Chapter II are also used as 
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swinging conveynm^ Tl.e Zimmer Conveyor (sec pj. 4fin«,l H(.) whs 
one oHhe first of thwe and has been used largely for conveying mineral 
espeeinlly coal, which is moved forward at the rate .of r.o to «0 feet 



Ki(;. Uli". DiK'kcKdiiviaer. IVl'HiK'itivc. 


per miinite: a :)li iiieli trongli (i inches deep will carry up to ;«l tons of 
coal jier Inmi'. 

Swinging conveyors are not well ■ adai)te(l for carrying mineral 
np-hill and are used esi)eeially for transport in a liorizonbd direction. 
Thei-e are a nnmlmr of a|)plianees that may la' classed as Trough 



fig. H(iS. Soraira- (•(jnve.vdr. Klovation iimj jJan. 


Conveyori, in which the mineral is moved along a fixed trough by 
various devices. 

The Scraper Conveyor consists of a trough in which travels an 
endless steel chain which drags ^he material along. One form as 
made by Messrs Head, MVightson & Co., Ltd., is shewn in Fig. m 

ho 
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As shewn, thp chain is made of flat steel strip 4 inches deep by ^ inch 
thick bcSit inth tlie shape shewn, the links being ^coupled together by 
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steel pins. This foriii is suitable for ipiite coarse ininoral but is best 
applied to a light material like coal. 

Another type, better suited to small stuff, is shewn in Fig. 309, 



Kijf. 371. Screw conveyor, Pcrsiwctiva 

veying finely cruslieti uiatenal, is shewn in perspective Fig. 3/1, this 
also being a pattern made by the above named Company. Another 
very similar form is shewn in {flan and elevation in Fig. 372. 
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It will readily be understood th^t these rarious conveyors arc made 
in a large number ^of different types to suit special tonditions; the 
principles should however be clearly intelligilde from 
n*»-n tho illustrations here given. ' 


Elevators. The most usual plan for elevating 
ven' coarac stuff is to use a hoist lifting one or more 
cal's containing ore. These lioists may tie worked 
on any desireil principle; they are often meclianically 
driven eitlier off a convenient line shaft or by a 
siiecial motor of any kind; in recent times electric 
motors liave Ikicii much used for the purpose. .\ 
mechanically driven hoist of the most usual con¬ 
struction is shewn in Fig. this lieing a jiattern 
built by the llumbiddt Fngineering (.'o. Cylinder 
hoists, either worked direct or with ro|K‘ gearing, 
the nim being moved either by steam or compressed 
air, are also much used; hydraulic lifts may be 
employed but are usually rather too slow for this 
liurpose. In small works a water-lialance hoist is 
often used especially where an ample supply of 
water at a high level is available. 

Fur medium- and small-siited material the bucket 
elevator is in very general use. It may lie vertical 
as shewn in F’ig. H""), but is more often inclined at 
1(F to i-’d to the vertical, as shewn in Fig. d/t. It 
consists of chains of various tyiws to which buckets 
are attached, which pick up the material delivered to 
the IsMit at the lower end of the elevator and dis¬ 
charge it at the upper end. The chains may be 
flat link chains passing over hexagonal or octagonal 
tumblera, or ordinary ])itch chains passing over 
Bi)rocket wheels. Generally the upiK;r end is 
mechanically driven, whilst the l)caring of the lower 
end runs in slides with proiter tightening screws. 

In many cases these elevators arc made of stout 
canvas, indiarublier or Balata belts, to which pressed 
steel buckets arc rivetc<l. Such buckets are made 







from 4 inches to :i6 inches long and,;) to 12 inches wide. With buckets 
say If) by H inches, sjtaced II) inches aivart, a twit, travelling at a ijurmal 

30-2 
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'■ Kig. 37.S. Uuint for nim Si.lr and end elevations. 
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tt|H!c(l Hucli iiH.aMt feet i)er miiiutt, would elevat« about 3000 cubic 
feet of iiiateria'l pel' hour. Siajedn up to oOU Wet i)er minute majf 
1)0 used. Tliese elevators are j;eiierally eini)loye(Hor dry material, but 
work eijuidly well h|K)Ij wet; in tlie latter ease tlie buckets are some¬ 
times made of puiielieil or la'rfonited sheet steel, so iis to allow the’ 
water to diain oH more or less completely whilst tlie material is lieing 
elevated. 

rile |H)wer reipiired to work a laieket elevator may be approximately 
determined as follows; ‘ • 

Let r be the speed of travel of the ehain or belt in feet lier minute. 

Let 1> be the distanee apart of the bnekets in feet. 

Let If be the weight of material contained in each bucket. 

Let // be the total heiitht of lift, 

Then the horse power retpiired is ap))ro.\imately ; 


r. ir, II 

\\,m>.l>' ;J'’ 

The biiekel elevator has almost displaced the Half wheel, which was 
at one time larnely used for the same imi’iioses, and is still seen at times. 
A raff wheel is built like a water wheel with the bnekets on the inside, 
i.e. o|a‘nin); inwards. This wheel is driven by (feariiij'or* beltinj!; and 
revolves slowly, a shoot discharKint; the matei’ial to be elevated into 
the buckets; as the wheel revolves this material is lifted and is dis- 
ehartjed when the bucket reaches its hifihest position aud is therefore 
inverted. 


Conweyance of pulp. Pulp may e.veeptionally 1 k) carried horfs 
zonbilly in biiekM conveyors, but is more often allowed to run down in, 
launders inclined )it sueh an anple as to enable the pulj) to flow. These 
launders are made of woisl, stout sheet iron or cement; the lK“st sha])e 
for a launder is one that (fives the maximuin of sectional area for a given 
jK'rimeter, and laumlei's of iron or eonerete are therefore usually made 
semi-eireular. Wmslen launders are usually made rectangular, and 
should then la' so proiS)rtioned tliat the width is twice the depth; if they 
1)0 made with the sides inejiued at an angle of 0(i‘ instead of being 
vertical, their trnns|s)rting [K)wer will 1 k' increased, but such launders 
are more dillictilt to constnict and keep tight, and are therefore seldom 
seen. Small launders are sometimes made V-8hn|K'd in cross-section, 
the angle At the a|a)X l)cing a right angle. The rate of flow of the palp 
is beet detenivned cx|)erimentallythe well-known fonnulae for the 
flow of water in channels wiD give an approximarion to the truth, but 
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caiinV k- relied oi^in all cases, as <lie coiistaiito have oiik kHjn deter¬ 
mined for a few Hj^cial easca The followinj' fonnulit due ^ Italian 
en){inecrs is siiflicientlv correct for most puriH)aeH: • 
let u k the ineaft velocity of flow in feet ix'f second. 

Let )• k- the mean hydraidic depth in feet (i.e. the area of cross- 
section of the stream in s(iuare feet, divided by the |H‘rimeter of the 
wetted isirtion of the launder in feet). 

Let ( k' the p-adlent of the launder, e.xpressed as a fraction, 

'I’hen s "•“= H7 \'rl. 



Fig. Tailings wheol. Side view. 


Tile mean velocity of a water current that will junt move inincral 
matter of different mm haw l)ccn detennined for rivera an follows: 

Liglit clay is just moved at a moan strf'am velocity of H indies |K:r second 
Sand „ 11 .1 11 •> •* 

Small gravel , „ .t n 512 n ** 

Pebbles i. ■. 40 „ „ 

Broken stone „ .. „ n ,i 64 „ „ 

Elevating pulp. Thiti is oftfcn done by meaiw qf so-called sand 
wheels or tailings wlicels, which are built at times of large diinpnsions; 
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they have tm-Mi lined largely on the WitwaternraiKl for elevatin| the 
tailiii;fn /roni ntdiiij) inilln for further treatment, a typical example being 
nhewti in Kig. . 17 ( 1 , Thene are often made up to oO feet in diameter, and 
are liuill exactly like l-aff wheels, excejit that they are much larger. 
The shrouding of these wheels is usually of wood, but ita outer 
IwTiphery, which forms the bottom of the buekets, is often of iron plate 
alsiMl J inch thick, the partitions lietweeii the buekets being of the 
same material. The buekets are usually about 111 inches deep and lo to 
21 iuehes wide, and are |)itehed 12 to l.'i iijches apart. The (KTipheral 
s|M'ed (jfthe wheels is alsmt .100 feet jK'r minute. 



Ha, .y,,. Reriiirnealhig tni} feoilrr. .Srrliiniiil elevation. 


hor high lifts pumps ai-e emjiloyed, the plunger tyiie lieiiig the most 
genertdly satisfaetory; eeutrifugal pum|w and the spiral sand pump are" 
also used for nuKlerate lifts. The ordinary bucket elevator can be and 
often is used for elevating pulp: the buekets are then often of very 
large size. 

Feeder!. It is very imimrtant in many eases tliat this material to be 
treated shall Iw supplied regularly and unifomdy, more esjieciully to 
crushing machinery; appliances for yttecting this are known as fccriers, 
and arc made on a number of ditferent nrinciules. 
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Tlio Reciprocating tmy feede* consists of a tray at an ancle 



of about J and fonning the botban of a hopr)er. It is shewn in Fig. ;t77 
as built by the Humboldt Engineering Co. It is moved }o and fro by an 
eccentric or a crank, at some to ir, strokes per minute; on tl|e back 
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Htroke the (lr()i)K out, whiluMtlie forward stroke advances the tray 
to rc-ccive a fre^li iwrtioii. Ttiis feeder is very well-adapted for feedii^ 
roek-hreakers, esiWially the secondary rock-breakers in tandem breakinit. 

Ihcrc are niuncron? Shaking or Bumping tfay fteden A ven’ 
"m.„lc fonn as a,.plied to sPunp mills is shewn in Fig. m, which consiste 
simp . 0 a shoot held up by iron bars supported on strong spiral 
springs; the <.re runs out of the hopjair on to this shoot, which is at an 
i«i|: c flatter than the angle of re|K.se. The middle stamp stem of the 
•attcry has a ci.llar attached to it, at s«cli.a height that when there is 
1" i"c on t le (he this collar strikes an ii-on fork that jerks down the 



Hlamt, ami fc«is or,^. into the Imttcry Is.x, A similar appliance is often 
«sl for ceding rolls, when a cam driven otf the roll shaft takes the 
I>lnce of the striking collar on the stamp stem as shewn in Fig. Igp 

PiuJir "■«- one time widely used on the 

. luific caist of ^ America for feeding stamp larttcries, and is still used 
fo some extent, shewn in Fig. is of the same ty,K.. It consists of a 
hopixw with a swinging tray Isiiieath it, which like the i.rcviousone is 
jerktsl downwanis by the tai.|.ct or by a sjK-cial collar on the middle stamp 
idtiu sinking the bumping block that pmjects upwards. When used for 

ahaft. worked by a belt olTone of the roll shafts, pai«es beneath the tmv 
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and keyed on thistsbaft there im ii small cam that tijrews the tray 
forward at each revalution of the shaft 

The Challenge feeder has already l)een dcaeril)ed‘on p. I/j in con¬ 
nection with stamp 'mills, for which it is ve^y largely used, either 
attached to a hopjajr or in the so-called siisiK-nded fonn, in wliich it is 
applied to the end of a shoot It may als() la; used for otlier forms 
of machinery, as shewn in Fig. IKll, this Ix'ing a form made hy .Messrs 



- 3W) lielt-tlrivcii TulltKtii fectlur. l'orx|Ktctivc, 

Fraser and (,'halmers, Ltd. A lay shaft is driven by belting, and a cam 
.on this oiK-ratcs the lever actuating the friction ratchet which slowly 
revolves the obli(|ne tabic that forms the Ixittom of the hopjwr; the 
revolution of this table feeds the ore forward. 

Simpler feeders are made on the same principle in which the table is 
canscsl to revolve slowly by means of gearing withont the intervention of 
a cam and friction ratchet Tliis fbrm docs perfectly good work on most 
ores. 


The Dremng of Mmerals 


Roller feei^n Imvo U'cii niado ii iimiiy forms; they consist essentially 
of n shoot or liojVr closed liclow l.y a roller which is«sh)wly rotated ay as- 
to Miry the iimu'rial forward: they answer very well on dry, medium 
sized material, Imt are?i|>t to feed irregularly with* wet sticky ores, and 
Hith material very irrettular in size. A typical form is shewn in Fi;r,’;)iii 
Nmietimes roller feediu's are made with rollers hal ing longitudinal rilis 
or grooves, winch seem to feed irrefiulaidy sized material more uniformly 
than do the plain rollers. 



tilt. •'ISI. Iielt-(lii\i-ii I'lialli.iini' fasier. 


l'efs|s'rlivL'. 


nrer.. it IS often required to dry material that is to Iw submitted 
to mayietic, pneumatie or electrostatie separation. Drvinn furnaces 
tire of various tyiws. but two fonns, rob.ry dryers and sladf drvcrs are 
those m,«t i^Miendly employeiL Uob.ry dryers are cvlinders'usually 
f cast non, biviUK tin, ,s,rtion m.«t e.vpMesi to heat often'lined witft 
brickwork, llie cylinder is usually set at a slight inclination; it is 
earned on friction rolleni and rotated by means of gearing. The upper 
end IS connected to a sPtek, and the lower end to a fire place. Tlie 
material to be dried w coutimioiisly fed in at the upper end and 
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diocharged at tlie lower, luuaUv int^ a bin or on to a cotjlioj^ floor; a 
very convenient arquigement is to discharge on to an'iron eonveyor 
l)elt', which carries’ the dried material away and cools itsit the same tinic. 

Shelf fnniaccs consist of a rectangular stiiuk, the npiaw end k'ing 
connected with a chimney and the lower with a fireplace. The furnace 
is filled with shelves which are made in many different fonns. The 
material to k' dried is fed in at the top and dro|)s down from shelf 
to shelf, until it is di.scharged iti the dry state at the lK)ttom. Kdison uses 
a shelf dryer in which the shelves^are gently shaken to cause the material 
to drop readily. 

,\ll forms of drying furnace fcspiire a good draught so as to carry otf 
rapidly the steam given oil'during the act of drying. 



Weighing. It is usually necessary t<i determine the (piantity of 
material delivered to oi' from a dressing works. This is in most cases 
k'st (lorn by measurement, counting the iiumkT of ears, linckets, etc., 
which is usually done by some atitomatic registering counter, and deter¬ 
mining the average dry weight of material that the receptacles contain, 
such ileterminati(ai kung re|a‘ated at intervals. When the (|nairtity is 
detennined by weighing the iwrcentage of moisture present must be 
regidarly detemnnc<l, and the strict rule should k‘ observed in all 
dressing works to make calculations nijon dry weights only. Ilailway or 
mine cars are usually weighed on weigh-bridges or platfonu scales, these 
being often self-registering. A similar arrangement is used for aerial 
tramways, a short section of the fi.xcd rail kimr cut out and himresl. 
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80 tliat tlic jfcijflit of a Imckct hjiiijfitig from it can be determined 
Material that fa lieing carri-ul on a pliable convenor belt can also bQ 
weighed eontinuotisly, whilst tlie licit is travelling, by automatic 
inaehinery, a given leigth of the loaded belt being weighed at each 
oiieration. 

Sampling. Aiitoaiatie Hampling iilant in sometimcH enijiloved for 
taking Hamiiles of the eriide mineral and of the various iiroducts. ,Sueh 
samiilers are made on many ditlerent principles; the most satiafactorj' 
seem to take the torm of either a refuting spout that distributes the 
stream ot mineral into a series of [Hieke^s or spouts, a hinged spout that 
is momentarily defleeted so as to deliver a certain portion of the stream 
of mineral into a special receptacle at uniform intervals of time, or else 
a bucket or tray that cuts at intervals across the stream of mineral. 
I’iles of mineral are usually sampled by hand. 

hinallv it may Iki pointed out that a suitably equipped assay labora¬ 
tory should la' looked upon as an indispensable portion of the wiuipmcnt 
of every coin|ilete dressing works. 
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(iKXKKAIi COXSTIU’CTKJX OF I)HKSSIX(J WORKS, 

The ciiiiilitions under wliicli dresrtin)t lias to lie performed are .so 
various, the minends to Ik> submitted to it arc so difi'ercnt, and the objeets 
to k' attained are so widely divergent, that the liroblem in its entirety 
presents far too great a degree of comple.vify to be raiavble of any 
general solution. It is rare that the desired result am lie reaehed by 
any single one of the processes or appliances already descriksl, and the 
o|a'iiition of dr‘js.sing genendly eonsists in a combination of a numk'r 
of these inilividual processes, (ienendly 8|K'aking a certain amoimt of 
comminution must precede any process of ac|»iration, but after the 
earlier stages, it is not at all unusual to find methods of aunminutiou, 
methods .if sizing, and meth(als of sejiaration succeeil each other alter¬ 
nately. It ha.s already kvii seen that there are usually anumk’r of 
diti'erent aiiplianees that may be useil for attaining a given object, and 
the choice of any particular one may de|)eud not only on the nature of the 
materii.ls to k' treated, but also u|Hm other conditions, and is frequently 
influenced by lolal custom or even by the idiosynenuties of the engineer 
in charge. "(Ireat variations are therefore admissible not only in the 
prwes.sea theii’selves, but also in their combinations, and to a certain 
extent also in the order of their succession, ruder these conditions it is 
imiwssible to hy down any hard and fast niles for the aiTangement, 
design or i ongtruction of concentrating works, and it is only possible to 
offer a few general considerations and suggestions, capable of extended, 
though by no means universal application. 

Site of Drent&g Workf. It is obvious that the jKisition of such 
works will k decidei] mainly by economic considerations; it may lie 
selected with reference to its nearness to the mine or mines producing 
the crude material to lie treated, to the markets or means of communi¬ 
cation with the markets, to the water supply, to the ready disimsal 
of waste prislucts, and to the source of motive power.* The latter was 
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* 

at one time |>erhapH the ilominant coiuidcration, but with the develop¬ 
ment of eleetrib [Kiwer tniiwjniHHioi' has liecoiiie sofnewhat subordinate 
to the others. A. wet dressing mill must have an amjfle source of water 
supply, which is preferably obtsiined by gravitiitiop, by turning streams 
or bringing in ditches to deliver to reservoirs alsne the level of tlie 
driwsing works; on the other hand when the contour of the country 
l■<•nders this diHicnlt, pumping may Im resorted to, esijecially where 
power is cheap, and occasionally it may liai)|K;n that it may l)e worth 
while to construct pi|K‘ lines of considerable length. Necessarily, since 
the openition of dr<-ssing implies the sc|Kifation from wsiste materials, 
there is at eveiy dressing works such waste to la- got rid of, and the 
ready and c(tononncal removal of tailings is a very im[H)rtaut matter, 
wliich should never la- neglected. The omission to pi-ovide for it when 
<leciding n|H)n a site fre(|Uently entails a heavy addition to working costs 
after a few years' work. The la-st situation in this i-espe(‘t is when 
the wca-ks can he placed lai the shores of a swamp, a lake or of the sea. 

ha-ation on the side of a valley down the Isittom of which flows a 
large and ratiid river is also a fav(airable one, provided that the tailings 
cause no injury to p'ro|K‘rties further down the eonrse of the rivei'. 
Sometimes it is neeessary to run tailings into dams or settling pits: 
these shoidd be in duplicate so that (Uie set may Ik- dug out and emptied 
whilst the othei-s are filling up. This arrangement is sometimes resorted 
to where water is scaree, the main (dyect then being to use the clarified 
water over again in the works. Sometimes the waste has to la- piled 
up in big hca|is close to the works when no other means of getting rid 
of it is availaiile, and at times mechanical means mjist la used for 
raising the waste material fo the to[i of the heaps. 

The accessibility of the site either from the mine or from the means* 
of trans|Hirt to market is an ini|S)rtant matter, the former laing the 
more important considemtion when the pro|K>rtion of worthless to 
valuable matter is very great (e.g. in a gold ore) and the latter 
when this proiKU-tion is eomiwratively small, c.g, in a coal nnne. it 
is however usually |«)ssible to si-leet a site within reasonable distance 
. of the mine; the mineral is generally brought from the mine either 
in waggons, by mi-ans of hand haulage, horse haiilage, self-acting 
inclines, mwhanicid haulagi-, or any other convenient incaTis of 
transport, or by the buckets of a wire ropeway, the Tatter metinxl 
often presenting im|Ktrtant advantages. As regards the facility of 
tnuisport to market, this l)etmmcs of vital importance when such 
products as coat and inni ore have to lie shippetL It is almost indis- 
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pensable in such that the (ln|miig verb ahonld htj w ckwe to 
a railway line, caiiah river, sea, etc., that |hi> (li-et«e<i mineral* can lie 
loaded direct into railway trucks, canal Imats, Iwi^Mr the holds of 
stumers. On the otiicr hand this considcratidlj is practically nnhn- 
portant in the case of gold or silver minea 

A few other considerations have also to la- taken into account. 
Tlie site should admit of a good foundation ladng got, it should Ijcalsive 
flood level, and safe from avnlanchcs, whilst the considerations common 
to all works, i.c. nearness to a sonyce of labour and a(rcsaihilitv to gissl 
and cheap supplies, esiH-cially fuel, are im|sirtant 


Oeneral Principle! of Dreutng Worki. In the simpler ty|K-s of 
dressing works there is scarcely any (incstion of principle involvwl. 
There arc. however, very many works in which a genend succession of 
ojeerations has to Ih‘ (deserved, somewhat as ftdiows: 

1. IVcIiniinary coarse breaking of the mineral, which may in 
many eases la? fe.llowed by a more or less complete sorting into various 
cpialities. 

2. Finer crushing of the mineral, 

.’t. Sizing into sizes suitable for individual treatment, aecomianied 
often b.' r removal of the slimes for se|Kirate treatment. 

1. Se|)aration of each size into several—usually three—grades, 
namely, 1st, more or less clean heads or eoncamtrates, 2nd, middlings 
for re-treatment, drd, waste or tailings, primtically liarren, or at any 
rate eontaining so little valuable material as not to Ite worth further 
treatment. 

5. Fimrr cnishing of the middlings, followed by further sizing or 
classification, a'ld seitaration, until all the middlings are rednecsl to the 
fonn of either concentrates, tailings, or slimes. 

6. .Slime treatment, which scimratcs the slimes as completely as 
IKissible i'lto concentrates and tailings. 

,Tlie various metlnsls of etfecting each o|«ration will lie clear from 
what has |)rcccded; the important subject of middlings already dis¬ 
cussed on p. 22K desenes however a little further attention. In the 
simplest case, where two different minerals have to be se(iurated from 
each other, many of the machines used to eflcct this separation are 
designed to produce practically clean concentrates consisting essentially 
of one of these minerals, practically clean tailings, consisting essentially 
of the otlier mineral, and middlings consisting of a mixture of the two 
minerals. Middlings may be due to one of two causes: firstly, either the 
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fteparatiiig m^-hinc inaj’!« misnita^le to its work or may be given io# 
mucli abrk to* dp, in wlii4 case a certain number of grains of eacli 
kind of mineral "rill pass into the middlings, owing to the action of” the 
separating uppliunce iKing defective; these middlings, due to some defect 
in the seivarating ai)plianee and not to the nature of the material, may be 
called " false middlings, and these can l)c separated into concentrates 
and tailings by passing them once again thnnigh the same machine or 
through some other machine cai)able of separating the minerals. 

Or secondly, the middlings may consist of grains comiKwcd [tartly 
of one mineral and partly ..f the other, and therefore inteniitsliate 
in pro|)erties ladween the [Hire minerals, and these “true” middlings 
cannot lie se|iarated into their eonstitnent minerals merely by passing 
them through separating maehines. It is to such true middlings that 
Prof. Richards phrase “Oma' middlings, always middlings” jtroijcrly 
applies. What are here called “false" middlings may la, and often 
are, more dillienlt to se|Nirate than the original crude ernshed material 
lK«inse ftiose [tartieles, which, owing to their size .,r shaja, are the 
most diflicidt to se|»irate cleanly, are naturally those that will find 
their w-ay into the mid.llings; they are howeier always captible of 
seiairation by smtidde appliances. ’I'rnc middlings can howeyer only 
lie treatal by crushing them to a smaller size, so as to produce itarticles 
.•ons,st.nK " holly of one or wholly of the other ntineral. This o|aration 
will have to la rc|aated until the stage of slimes is reached, when the 
greaU-r is.rtion of the fine [larticles will consist entirely of one or other 
of the minerals; the relatively few particles that conslt partly of one 
and imrtly of the other, will la separated in this sense that particles ' 
that consist for the greater (wrt of one kind will ,»iss into the concen¬ 
trates, whilst those that consist for the greater fiart of the other 
kind will i»vss into the tailings, the dividing line latween the two laiiig 
drawn in accordance with ra.nomic rather than strictly technical 
couHidemtuMiK. 

(’haady eomaated with this subject of the ra-criishing and further 
treatment of middlings, is the application of an imiartant principle, 
known us the principle of “gradual reduction,’'already referred to on 
It 229, the application of which deiands upon the character of the 
mineral to la treated If the mineral mass consists of very minute 
iwrticles of the mdividnal minerals uniformly disseininated, it is obvious 
tot the whole mass must la crushed down to at least the size of 
these iiarticlcs to effect any separation. But if the particles of one 
of the constituent minerals, even tlioiigli small, be irrcmilariv <!!«. 
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tributed, it m obviMis that larger! fragit^nte can be .fAund^ which 
\toald consist pnwtibally, if not absolutely, of one \>r other of the 
minerals in question; generally speaking the more valuable mineral 
forms the smaller proportion of the mass, so that coiu])aratively large 
fragments of eomitaratively clean waste may mostly la* obtained It 
would therefore la* jaissible to first of all break the mineral to a suitable, 
comparatively eoarsi*, size, and to eliminate at this stage a certoin 
proportion of practically clean waste; the remainder would then 
la; crushed smaller and tlr |(r<a:ess reia'ated, a (a'rtain amount 
of waste la'ing got rid of ||t each stage, until the iTinaining 
imrticles are small enough to enable a final se|Hiration to la* made. 
It is obviiais that by this priaess of gradual reduction, only a small 
proportion of the wlade mass nee<l la* crnslasl to the degree of fineness 
neccssiirv for complete se|airation: of naii-se a ccrhdn |iroiMirtion of the 
valuable mineral is liable to la* lost with the waste, but the |acuniary value 
of this may well la less than the additional cost that would la? incurrisl 
by fine-crashing the whole mass, so that the adoption of this principle 
wcadd prove to la* directly profitidde. Fnrthcnnore the ca|Bicity of a 
given plant is also increased thereby, and there is less fear of valuable 
materiid Isaiig lost in the slimes. The )irinciple of gradual reiluction 
may la .ipplied in another way, in dealing with a mineral mass in which 
the valuable ingredient is in |iart (lissi'ininated in coarsit [airticles. 
liclatively large fragments of the eoni|mratively clean valuable mineral 
may la; obt- iiied in the earlier stages, whilst the remainder is entirely 
contidned in miildlings that neetl further crushing. This presents the 
advantages that a good deid of the valuable mineral is obtaitied in a 
(oarse state in which it tnay fetch a higher price, whilst there is less 
' risk of loss through sliming a i«irt of it. 

.\gaiti it may hapian that Istth these modifiratiotis of the same 
principle may Iw applied; the comjvarativcly ctairse fragments may la; 
seiBirated. lieldic.' a fstrtion Isith of the mineral it is desired to save, 
and of the waste in ti comparatively cleatt state, that is to .say as 
finishwl |)r(slucts, whilst the middlings alone will need crushing down 
smaller. 

The metlasls for the treatment of slimes vary even more than th<we 
for the ae])sration of the coarser [varticles; the principles of slime 
treatment are still imperfectly understood, and in each case the best 
mediod luis usually to be got at by experiment iSlimes are usually 
submitted in the first instance to claksification, and each alass is treated 
by itself on a suitabl%appliance, the action of w^iich obviously depends 

31-3 
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on Home ottaii: principle thwi thatfof eciual-falling, particles; very (rften 
some form of Hliaking tabb is used for the coarser grades, and some 
tabic with a tn\vclling Hiirfuce (vanners, Mar/, tables, etc.) for the finer 
grades. The finest slimes, tis) fine to l)c collected in any ordinary 
classifier, may still carry too much value to l)e trcateil as waste. In 
such cases, unless s])ecial methisls can Iw ap|)licd, these very fine 
slimes may la; allowed to settle slowly in labyrinths, slime pits, 
reservoirs, eta., and the mass dug out from tinie to time and dressed 
on a suitable iiiiichine; it is clear that, this itrocess should only Ikj 
carried on when the value of the mineral saved e.vcetsls the co.st of 
collecting it. 

The principles of dressing have here la-en diseuissed as though the 
problem were always the se|«iratiou of two minerals from each other; 
in practice it often hapiauis that three or four (rarely more) minerals 
have to Ik‘ se|»irated from each other, in such cases the laisal princi])les 
are necessarily the same, but the o|H;rations assume a form of gi’eater 
complexity, there la'ing oltan middlings of two or three different kinds 
pnslueed, each of which will ultimately contain two difl'erent minerals 
oidy. the separation of which proceeds uism the lines already indicated. 
For example, in treating a mineral containing gidena, zinc blende and 
(piart/., the iinsluets of a first dressing would Iw somewhat its follows: 
practically clean galena, Xo. 1 middlings containing galena and zinc 
blende, pnmtieitlly clean zinc blende, Xo, 2 middlings containitig zinc 
blende and (piartz, and tailings of piactically clean (|nurtz. Even 
assuming that the galena, zitic blende anil tailings are clean enough, 
the two former for the market and the latter for running to waste, 
without atiy further tmatment, the two classes of middlings will have to 
la> submitUsl to further crushing and si'iairation, but in ])ractiee it will 
lie found that every one of the first four products, and often the tailings 
also, will need further treatmetit. 

Design of Dressing Works, 'fliis consideration agtun affects only 
the mori' elalKirate forms of works, the dcsigti of the simpler forms 
neisling but little attention. .Ml that is reiptired in such is to so lay out 
the works that the minimum of lalanir shall la; rc<|uirod in dealing with 
the mineral. Tints the ntad on which the cars containing the mineral 
enter the dressing works may be laid at such a gradient that they can . 
run down it automatically and thus (lass to a tippler without anyf 
attention. The tippler is licst of'tlie revolving type, and is often so 
arranged us to la; att(omatically thrown into ggar by the motion the 
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caw themselves, aiid,in some cases its contents havejbeen tipi)e<l 
the car is automatically nm forward til^ it readies ■some form of 
elevator—often a creeper—by which it is brouplit laidf to the orijtiiial 
level at which the ctirs enter. The tipixKl mineral may |»ass auto¬ 
matically to the breaker, sorting or washiiir applianci's, and thus the 
whole work Ik‘ done with the minimum of lalaiur. 

In the more elalsiraU' works the design Isith in plan and elevation 
has to la' considered. In large ilressing works it is last to arrange the 
works so as to la diiple.v, trydeii, etc. in plan, i,e, to lay it out as a 
niimlar of units, each of which is pnictieally complete in itself and can 
be stojijad or started indeiaiulently of the other units. The duplex 
arrangement is a fiivourite one, the works laing arranged in two halves 
each of which is a eoimter|»ut of the other. For example, there imiy 
la a ceiitnd breaking depart,meat, or breaking anil sorting del«irtinent; 
the iiiodnet from this may fall into a large main bin, from which it 
may go by two s|N)nts, one to the right and the other to the left, to 
symmetrically dis|M(sed ernshing, sizing and se|«irating machinery. The 
slimes from these two sides may la treated either in two sei»irate slime 
dressing plants, each eorres|s)ialing to either side of the main works, or 
the slimes frian Isith sides may la ninted in one common receptacle, 
and go either to one slime-dressing unit, or to two symmetrically 
aiTanged ones, accmaling to the i|nantity to la dealt with. 

Two difterent schemes of design in elevation are in vogue; the one 
ado])ts a sc ICS of terraces on a suiudile hill side, the other erects the 
mill on a level site. The advantage of the fonner methial is that the 
bulk of the mineral to la treated [Bisses by gravitation from each 
a|i|)liance to'the aneceeding one. Tims the n|i|ar floor or ternua may 
fa taken up wi‘h bins for eontaiinng the crude mineral; from these it 
[(asses to the breaker floor, whence the broken material falls to the next ' 
level, which foniis the sorting floor; the next lower floor is the ernshing 
fliKir, the floors nevt lalow are taken h[( with sizing and se[)aration, whilst 
ftie lowest flisirs arc devoted to slime treatment, and the finished pnalncts 
are shi[)[icd at a level lalow this. (lenerally s[(eaking a slo|aof 1 in .'t is 
needed for such a scries of floors or terrace's; these luive to la excavated 
out of the hill aide, or else formed by means of retaining walls, or ls)th 
methiMls may be combined The former is usually to la preferred, as it is 
mure likely to admit of substantial foundations being obtained, this laing 
a point of the utmost importance. Xot only arc solid foundations re(|uired 
for carrying heavy breaking and crushing machinery, noti^bly in the case 
of stamp mills, but there are also very few dressing appliances tliat will 
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ilo HatiRf8ct(jry work unless they a^e erected on foundations so substan¬ 
tial as ft) prevent any 8hak| or vibration being set.iip in the framework 
of the tnachine8.\,Thc advantage of all the material passing continuously 
downwards in its progress through the works is wery obvious, especially 
where wet inetlMsls of dressing arc employed. It must, however, not 
la' forgotten that it is almost inevitable that certain portions of the 
material must l)e sent l)ack for further treatment, e.g. over-sizes for 
further crushing, middlings for finer crushing and further sepration, 
luirtially dressed |)roducts for final tjyeatmcnt, etc. All such material 
must necessarily la elevated for further treatment, and where the pro- 
|a)rtion is at all large it may re<|uire sd much lifting as to neutralise the 
advantages of the gravitational arraT)gemcnt. 

' 11)0 other sehone of design consists in selecting iis flat a site as 
is)ssil)le, all the works la'ing built on one level. It is, of course, is)ssible 
to build a works on a level site having sevend floors, and to elevate the 
mi))eml once for all to the top and the)) to allow it to desce))d ))))der the 
))etio)) of gravity. This njcthod eo)))bi))es, however, most of the disa<l- 
va))tages of ls)tl) syste)))s, will) the further drawback that it is practically 
i)))is)ssible to build the ))pia‘r floors stitf e)) 0 ))gh to fo)-))) )'eally satis- 
facto)'y fo))))datio))s for the heavy n)))chi))ery that they have to carry. 
It is la'tter, where the flat site is adopted, to desig)) the works o)) an 
app)'»priate pri))rii)lc, and to b))ild the))) practiadly all on o))e level, 
o))ly those ]))'(Mh)cta that ))eed lifti))g ))p at each stage la-ing elevated 
by suitable )))ea))8. The ditl'e)'e))t o|)eratio))s are the)) carried on i)) 
a )))))))lH'r of b))ildi))gs or roo)))s ))(\joi))i))g each other, so arra))ged that 
the cnale m)ite)i)d e))ters at o))e oal and issues i)) the fi))i8hcsl state at 
the other, there k'i))g ))o t)'avelli))g to and fi'o c-xcept for such i)ortion8 
as risp)ire re-t)'ent)))e))t. This syston l))is )))»)))• advooites; it ))s))ally 
' allows of gtssl fo))))datio))s la'i))g obt4)i))ed, i)rovideB a str))ct))re readily 
accessible fro))) all sides ))))d gives )> greater hitit))dc for the selection of 
a site tha)) who) a hill side of defl))ite groclicnt has to be su))ght for. It 
occupies usually a gooi deal of s|»u;e, but as dressing works arc gc))crally 
erected i)) districts where grou))d is practically valueless, this is no real 
drawlaick, whilst if pru|a')'ly laid out the n)i))eral ))ced travel ))o further 
in its way thn)))gh the works than by the for)ncr plan. It often enables 
works to Im) built m) a site )))ore couvenient for comnrunication with 
]))cans of tra))S|H)rt than the first ruethod. On the other ha))d it may 
entail a great deal of clcvati))g )nachi))ery, which is usually tnrublesome 
to keep in repair, a))d costs a greaf, deal ktl) for power and for wear 
a))d tear. It further involves often the p))mping up of considerable 
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qmu)titie« of water.^ Hie great dmfback to it is, however^tiie difficulty 
.that it often presents to the disposa! of taiings and waste rockf 

'When the system of bnilding in floors on a flat aite^as to he adopted, 
provision should alaaya be made for the first Ircakings, nsiuiring as a 
rule heavy machinery, to lie jicrformcd onkhe ground level, the broken 
material being subae(|ucntly clevatol. This plan presents the further 
advantage that broken mineral is more easily elevated than the 
same material in coarse lumps. Neglect of this considenition entails 
in most cases either defective breaking plant due to unsatisfaetory 
foundations, or else great exiicnse in the fomi of lofty massive iiiers 
or walla to carry this machinnry. 

In this connection the site of the breaking machinery deserves 
attention. In im|Hirtant undertakings it is Imoming the niiKlem 
practice to se|)ar.ite entirely the coarse bieaking plant from the rest 
of the dressing works, Tliis method is well illustrated in the large gold 
mills of the Witwatersrand district, where the breaking and sorting is 
now usually carried on in crusher stations, often at a considerable 
distance from the mills jiroiwr. Such crusher stations may lie sitiiatcd 
at the shaft to|) and may fonn almost a jmrtion of the shaft c(|uipnicnt, 
or they may be situated at a ]Hiiiit eonvenient of access fixaii two or 
more hoisting shafts; the mineral is there broken and soi'teii, and oidy 
that |s>rtion intended for further tnatment is trans(s)rted to the mill. 
This system presents many advantages, es|a;cially on flat sites and 
where eleilric transmission of power is emidoyed. Tlie breaking 
operation is a rough one, inseparable friun much shock and jar and 
the production of a great deal of dust, all of which arc highly iiyurions 
to the mare delicate oimrations of the tlressing works proper. Even 
where a remote crusher station is not indiaited, it is always advisable 
to {terfonn the breaking in a building distinct from the dressing workit 
Where sorting is also needed a very gtatd plan, now much in vogue, is 
to comieet the tweaking plant and the dressing works by a long con¬ 
veyor belt, upon which the picking is perfonned, and which kee|)s the 
two departments sufficiently a|>art 


Oonatruotlon of Dretflng World. Tlie importance of good founda¬ 
tions has already been referred to, and it is always Itest to secure these 
when possible by digging down to solid ruck and laying down the founda¬ 
tions—practically always now of concrete—u|)on thk Wlicn a rock 
bottom is not available, very pmssive concrete blocks should b| 
substituted, expense incurred in this way being money well laid out 
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The buildings themselves are of vet-y varied type, gracticall| all fonns 
of striictaral 'material haviu J Injeii Anployed. In CQuntries where wood, 
is eheap (e.g. Uiiij^ed States W Scandinavia) the buDdings are usually 
wholly of w(Hsl, siilwtaatially framed, the sides being either of vertical 
ls)ards, grooved and toiiginhl, or clapboarded, more rarely shingled; 
the mots are nearly always shingled. This is a very suitable con¬ 
struction, except for the gi'eat liability to fire; wooden buildings can 
readily l)e made weather-jwoof and easily kept wann in cold climates. 
Another very usual form is a wooden frame with sides and roofs of 
galvaidsed Iron, whilst for large mills a framework of structural steel 
covered with galvanised iron is often itsed. These buildings arc very 
dittienlt to keep warm in cold weather; the latter oft'er a fair measure 
of security against fire. Brick buildings, or occasionally stone, with 
tiled roots, arc often userl for smaller works, and arc tpiite satisfactory, 
but are usually consi<lered too expensive for large dressing work.s. It 
may k‘ surmised that in the future importiint works will be constructed 
in ferro-eoucrete, a material that is admirably mlapteil to the purpose. 
The roof must not rest upon any portion of the framework of the 
iTiiudiinery; it is k’st not built all in one |ilanc, but broken up into 
Several laiys, esjK'eially where heavy wind stonns are liable to occur. 
This arrangement also attiu-ds good op|K)rtunities for vcutilatitui and 
for getting a tojelight Illumination both by day .and by night should 
l)e carefully studied. A to|)-light from Louvre windows is the liest, but 
there should also be numerous large wundows in the sides and ends, and 
the machinery should k planned so as to interfere as little as possible 
with the light from these. Kor night work electric lighting is fiir superior 
t<» any other, and is generally employed Clusters of from :t t« 5 power¬ 
ful incandescent lamps (,'tn to ton c.p.), or a numlter of flaming arc ' 
lum|)8, aiv the most satisfactory and far preferable to using only a few 
is)werful am lights, as it is imisirtant to get the light as well distributed 
ns |Hissible. The floors should Iw watertight, preferably of concrete; 
whcR' wo(kI has to k employed the seams should l)c caulked like a 
ship's deck. Tliey are l)est set on a slight sloire towards a gutter, so 
that any leakages or splashings of valuable mineral can k recovered 
without diflienlty. 

Many dressing works are situated at high altitudes, so tluit some 
provision for warming them is generally retiuired; thik is often done 
merely by stoves or braaiers, but in a well-made building steam heating 
may k employed with advantage, especially in wooden buildings where 
every possible pfecaiitioii abonld k taken t^inst fire. 
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Wet dressii^ wo^ necessarily rlquipe an abundaiitsupply of water; 
.the quantity varies irithin a very widb rangA wet (iretising'reqniring from 
less than 2 to moK! than 2(1 times as much icight of ijpter as of mineral 
treated. Such water.shuuld be ns pure mil as slcan as iHissible, ami if 
muddy should Iw allowed to clear itself i) settling |smds. Sea water 
may Iw us^ in case of need instead of fresh aaler; it has la'en used 
quite satisfactorily in various casea The water siqiply shoidd 1 k‘ deliveied 
to the works from tanks or reservoirs situated at a g(Kid height above 
the top of the works, a liea(i of 20 to .>o feet Iwing satisfactory. Kven 
in dressing works tliat do not use wet inetlaHls a good supply of water 
is desirable luith for wasliing (hiwn the fliaira and for use in case of an 
outbreak of tire. It is Ix'st to have on every floor of the works two or 
three spm<lpi|ies witli hose attached, so that a stream of water can lx at 
once brought to Ixar on any i»irt (d' the works. 

Motive power. In practice |s)wer is sup|)lied in three ways, namely, 
by means of water, steam, or electricity, according to circumstances. 

It is a moot |K)int whether it is Ixtter to drive the whole of the 

dressing works l)y means of snital>le Ixiting from one main .tor, or 

whether it is Ixtter to liave a numlxr of motors commanding the |irin- 
(tijad liiics of counter-sliafting. iVliere electricity is employisl there is 
little doubt that the latter is the Ixtter plan, each main line of counter 
shafting Ixing driven by an inde|x‘ndent motor. The cost and complexity 
of a (piantii.. of Ixlting are thereby avoided, esicli sliaft ran lx stopiKMl, 
started <ir cun at any desired sjxed, indeixndently of the rest of the 
mill, less |M)wcr is wiisted in Ixlting and counter-shafts, whilst eltxtric 
motors of'iniKlcrate size can lx made almost as efficient as large 
* ones, atal no more cost is incurred for attendance as the motors need 
practically no attention, e.\rept for cleaning and lubrication. In the* 
case of steam and water, however, the case is different. It is not 
easy to iustd a mimlxr of se|)aratc small hydraulic moPirs, and their 
efficiency would ix less than that of one or two larger ones. Where 
steam |K)wer is used, it may lx laid down that in any case all the 
Ixilcrs rctpiired should be eonccntratol in one Ixiler house, so tliat 
the employment of a number of sc|iaratc steam engines would neces¬ 
sitate carrying steam from the Ixiler house Pi each engine. Ixiss of 
steam by condensation is almost inevitable, and small engines are 
generally lees efficient than large ones. In these cases it is therefore 
generally preferable P) have but f^w motors and Pi transmit the power 
to the various line shafts by means of belting. In pl&its using rock- 
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breakcm (and the same is true >to a lesser de^e of all cruslimg 
machinery) It 'is very imiK>|taiit tliat the power driving these should 
he ohtaincd fro^ a motor Hhat docs not at the same time drive’the 
dressing machinery prejaT, 'Such breaking operations necessarily make 
very varying demands ii|s>nfthe iK)wer supply, requiring, for example, a 
great deal of [siwer wlieti a ipiantity of hard mineral in large lumps 
has to la broken, and very little [lower wben only soft material in 
small [lieces is ladiig put through. Tliis causes rapid, sudden and 
irregular fluctuations in the s]aed of the motors, which do but little 
banii as far as breaking is concerned, but which would seriously inter¬ 
fere with the effieiency of any dressing a|)|)liance8, which have to be 
ke|»t running steadily at (piite imifonn speeds. Separate motors for 
the crushing umebinery and the dressing machinery projier should 
therefore always la’ provided, even when all arc together in one mill 
The motors driving the dressing aiiplianccs should lie provided with 
sensitive governors so as to keep the sjiecd uniform. 

Power is liest traTismitlerl from the main motoi’s by rope drive; 
where la’Iting is used, canvas (liandy), eamel-hair, or indiaruhher are 
[ireferahle to leather in [daces wheie they are liable to get wet. 

Wliere water [siwer is obtainable this is undoubtedly the most satis¬ 
factory. The (dder dressing works in Kngland used over-shot wafer 
wheels almost exclusively, and these give very satisfactory results when 
a gi’cat amount of [siwer is not reipiired and wben considerable quantities 
of water with conqiarativcly low falls are available. The efficiency of a 
good over-shot wheel may lai taken as (>.) [ler cent Many dressing 
works arc situatcfi in monntainons districts where very high falls are 
to la’ obtained, and these are last utilised by inqwet wheels of the 
Pelton ty[K’. these laing chen|), sinqde, economical to run, and highly 
'efficient; they may la niqdied to all fidls of more than 5(1 feet in vertical 
height, though they are most efficient for falls of 10(1 feet and upwards. 
In [iractice under such circumstances an efficiency of 75 [ler cent may 
be reckoned n|s)n. For lower falls turbines are best employed; a twin 
Jonvnl [lamllel-flow turbine on a horizontal shaft offers many advantages, 
amongst which may la; reckoned the fact that the turbine itself may be 
situated 10 to 15 feet almvc the level of tlie tailwater and ther^ore 
often above the reach of an ordinary llo(sl, without any loss of power, 
by the use of a properly arranged suction tulie. For very low foils, say 
5 ft or thcrealwuts, radial-flow turbines on vertical shafts are often 
employed The efficiency of turbipes varies according to the typiS 
, employed and Ihe conditions of installation, but nmy be averaged 
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about 70 per cent^ Under euitabll condiUona water power is extremely 
cheap, costing fmii £1 per horse-^wer jW upwards?’the gfleat draw- 
bwk to it is that it often varies very greltly at diffi^nt scasoiw of the 


year. 

Steam jwwer is employed in distric|s where water isiwcr is not 
available and where fuel is reasonably cliea|). In large nuMlem works 
water-tulie iKiilcrs with automatic stokers, suiicrlieatcrs and feed-water 
heaters arc employed, and liigh [ircssure steam is generaUsl which is 
utilised in conijsiund or triple-,ex))ansion engines which arc often con¬ 
densing. For smaller installations a less efficient plant has necessarily to 
be employed. The Isiiler houilb should always lie a sulmtantial building, 
sejiarate from the dres.sing works so as to diminish the risk of fire. 
Tlie cost of steam power varies within very wide limits de|)endcnt upon 
the price of fuel and the nature of tlic plant .\ large comismnd engine 
will generate 1 i.h.p. |)er hour with 12’5 11 h of steam, and giswl Isiilcrs 
with fair coal will evaporate 1(1 Hh of water for each 1 lb. of ciad bunit 
so that 1'2'> lbs. of coal will lie consumed for each l.H.i>. hour. With 
coal at 1.0s. |)cr ton the cost will lx; alxnit £6 |M;r horse-jxiwer year 
for a 21 hour day in large plants under favourable circumstances. 

Electricity has Ixicn growing rapidly in favour as a motive |K)wcr 
during the htst lO years; owing to the ease and economy with which 
high tension electric currents can lx‘ transmitted, dre.saing works can 
now be located at any desired jxiint irrespective of where the [xiwer is 
actually generated. The generating station may Ix; driven by aatcr 
power, where this is available, by steam, in which latter case modern 
practice favours turlxi-generators, or by gas (aigines workixl by prixlucer 
gas, the bitter offering the great advantages of low fuel consumption and 
of being able to use fuel of inferior ipiality to greater iwlvantage than 
can steam Ixiileiu • 

It is proliable that in the near future suction gas prixlucer plants 
may bo employed with advantage for driving small dressing works. 

The quantity of ]X)wer required varies within very wide limits; as 
the greater |X)rtion is required for comminution, it deiXMids greatly 
ujxm the degree of fineness to which the mineral has to lx: crushed. 
Uius in a works like a stamp mill for gold quartz, in which the whole 
of the ore has to be crushed very fine, the efficiency is from 1 to IJ tons 
per 24 hours per I.H.F.; in a dressing works using crushing rolls and 
jigs the efficiency is from 3 to 3 tons per 24 hours fx3r lh.p. 

The above principles may Ije illustrated by brief descriptions of 
dressing plants used in the treatment of the more important minerals. 
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Class f Fnep. 

Coal. A (treat (leal of the coal niineci merely rwiuires screeiiiMjt so 
as to make one or more sizes as may l)c ipniired by the market, whilst 
any shale, .waste rock, fireclay, lum|)s of ((yrites, inferior coal, etc. has to 
be picked out A small sim()le modern “ hcajwtead" for this |)ur|K)sc is 
shewn in Fig. which rc)>resents a design by Messrs .Joseph (kwk, 
Sons and Co.. Lbl, in jilan, side and end elevations The tiilw as they 
come from the shaft gravitate down through a revolving tippler, 
and continuing to run down the curved track, run aiitomatiodly to 
the foot of a creeisT (see j), J(i:t), which brings them up again to the 
level of the flat sheets on the opisisite side of the shaft The coal 
from the tubs is discharged by the tippler s|Kmt on to a plain jigging 
•screen. The under.size from this is taken away by a narrow cross IwU, 
whilst the oversize dro])s on to a |)icking ladt at the end of which a 
movable shoot discharges it into railway waggons, the jdant lieing 
cajiable of dealing witli .VMl tons ]K'r day. 

A similar but larger heapstead by Messrs Coulson and Co., Ltd is 
shewn in (dan and various elevations in Fig. As shewn by 

the (ilan, the colliery tid)s brought nii the shaft tmvel by the two 
roads shewn (one for each cage) in the direction of the arrows, 
these roads k'ing laid at such a gradient from the shaft that the tulat 
run down automatically; they thus run on to the foot of the cree|KT, by 
which they are elevated sufficiently to enable them to c(an)dete the 
round journey Ixick to the shaft without needing the ap|ilication of any 
force otlter tlian gravity. Tliey run from the top of the crce|)cr to a 
buffer, from whicdi they return by means of an automatic switch along 
the road leading to the tipplers, 'lliere are three diflcrent (pialities uf 
coal drawn from this pit, and the large coal of each class has to la^ kept 
seiairatc, A lad switches the tiilw as they come along on to their pro|K!r 
road, there bung a tippler for each class. When the tulis leave the 
tippler they continue their joiirmy by the “emirty ” roads as shewn, and 
thus return to the opiS)8itc side of shaft to that from which they started. 
The coal from each tippler falls on to a jigging screen, the oversize fnmi 
which g(a-8 to its projar |)icking belt, which is jirovided with a movable 
jib end for loading it direct into railway waggons. The undersize from 
the three screens falls on to a transverse conveying Ix-dt, that from the 
middle screen, which is set further liack than tlie two others, being 
delivered to the same belt by a vibrating shoot. The conveying belt 
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Cy Klevation of tippler end alievriiti^ 
croiw-belt. 

Z>, Elevation of diMcliarge jib-cndH 
of iiuiin belta . 


^rries the Mi»U coal direct 
toa 8h«)tw|)Miceitd»()p«iiit() 

i ailway w!j(jJoiia Thi« lieap- 
tcadeis caimbic of dcaliii)' 
l ith 100(1 tons ill 10 houix 
It ivill he noted that 
tliese luiapstcnds are laid 
out so as to work with a 
inininunn of lalHiiir, and 
this is tyjiical of the iiest 
modern praidice. Some¬ 
times the small coal from 
each screen has to Ik? kept 
se|»mite, and sometimes 
several sizes, such as lum|»s, 
nuts, |mas, dnftj etc. have to 
k- made, and kept sei»imte. 
In these cases a corresixmd- 
iiiKly liirKer nnmk'r of trans¬ 
verse conveying licits, each 
dcliverin); on to a scjaimto 
railway track, will have to 
k‘ employed. T(m) ){reat a 
decree of complication is, 
however, nsnally to k‘ de¬ 
precated. It is often con¬ 
sidered ktter to lay the 
hea|)stead out in such a 
way, if possible, that the • 
full tubs run automatically 
to the tipplers, and that only 
the empty tuk have to lie 
“crept" up to the liankinc- 
oiit level, as it takes less 
|siwcr to elevate empty 
tuk than full ones. 

A hea[>stead on the aimve 
principle is quite siifflcient 
where only large coal, say- 
over 1|| inch culie, lias to lie 






496 The Dressing of Minsr^^ 

dealt with, but when small ^al has to be cleaned, f.g. espedallyfdr tiS 
piinsmc'of cokW or briquetting, fiimc washing arrangement has to be 
adopted. In tl\simpler a id cruder forms the small c(ml is washto 
jnst as it comes tlirohgh t ,e scrc-ens without further sizing, whilst in 
the more elalsimto, but alsij more co.stly plants, the coal is sized before 
it is washed, thus cleaning the coal more effectively. 

A very simple arrangoment is shewn in Fig. '. The coal tubs 
are tiiipled on to a jigging screen. It feet by It feet, with a gradient of 
1 in .■>, making tin fonr-and-a-half iig;h strokes jier minute, the liari 
ladiig J inch aisirt. The oversize (alsmt 2.)0 tons iier day of 10 hours; 
goes fo a circular pii:king table, tlTfeet in outside diameter am! 
lit) inches wide, making three revolutions iicr minute; there are sii 
jiiekers at this table. Any pieces of mi.xed coal and dirt are throwi 
through a shoot in the middle of the table to a lower platform when 
they are broken and picked by three pickers, who also fill the dirt into 
tubs. The undersize from the jigging screen (akmt 100 tons jier day 
of 10 hours) drojis into a trough where a stream of water meets it and 
washes it down to the sinqile trough washer (shewn in detail in 
Fig. g.'l”, p. nog) with two c<au|iartiuents, used alternately, each lieiug 
1" inches wiile, l.'i inches deep and l.'iO feet long, set at a gradient of 
1 inch to the yard. The water consumiition is about -too gallons jier 
minute, and the veha-ity of flow alsait MOO feet [kt minute. The 
washed eoal runs into a ls>.\ from which it is lifted by a bucket 
elevator worked by a (i-foot water-wheel driven by the overflow of 
the washing water. A centrifugid puiuii pumps tlie water back. 
Alsmt lit tons of dirt are washeil out (ler day, and the washer is worked 

by one man and two Isiys. , 

Fig. MHO is another exanqile of a simple plant, Isiiug a two-trough 
Klliott eiml washer, built by the Hardy Patent Pick Company, Ltd. The 
coal to 1 k‘ washed is delivered to a hopiier from which an elevator lifts it 
to a couple of bins, placed one over each washing trough; the dirt and 
shale an.' discharged at the upper end of the troughs into a shmit through 
which it dnips into a truck. The clean coal at the kittom end dro^ 
on to a shaking screen with tine mesh, through which the water is 
drained off, whilst the cmil dnqis into a ksit. from which it is elevated 
to storage bins. Tlie water drained off from the wmdicd c(»l flows to a 
settling tank, where any fine sludge can settle, whilst the water is 
punnied up by a centrifugal pump to be used over again. The capacity 
of this plant is alwnt 150 to 20O tons of small coal in 10 hours. 

' Th* Minins **f Si'iitUiHiiy XI. p. IH‘2. 
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It is obviou^ thM a similarlgeneral arrangement (^n be cmjaujrou w^n 
any oth^r form' of trough washer. * 

The KobinsoiijWashcr (seb page 246) is often usea msteatt or a 
washer for this class of work] the general arrangement of the plant being 
somewhat similar, as may bf seen from Fig. 196. ■ 

Such a phint will wash about 20 tons i)er hour, the ash in the unwashed 
coal t)cing from 10 to 14 jMjr cent, and in the washed coal from 4’6 to 
67 (Hjr cent One man can attend to such a plant, exclusive of the 
lalxiur of bringing in the coal and removing the coal and dirt. The first 
cost of such a plant is about £300. 


As an example of the 
more complicated form 
of wasliery, a plant built 
by Messrs Sheppard and 
Sons for a South Wales 
Colliery may be in¬ 
stanced. Tlic coal is 
screened at the colliery 
heapstcad, the small 
coal, that luis [wssed 
through 1J inch screens, 
being brought in rail¬ 
way waggons to the 
wa.sherv, where it is 
tipped into the storage 
bin A, Figs. 387 to 389. 
It is lifted by a bucket 
elevator B into the 
' narrow end of the comiKumd conical trommel C, 18 feet long, which is 
fitted with I inch and f inch wire mesh screens. There arc thus three 
siaes made: nuts, f inch to U inch, 28 jKjr cent of the whole; peas, 
5 inch to J inch, 20 jicr cent; and dull', lielow 3 inch, 60 jicr cent 
The two coarser siaes arc washed each in a two-compartment nut 
washer J, running at 60 to 70 five-inch to seven-inch strokes 
(wr minute. The dirt is raised by an elevator R into a hopper, 
whence it can lie discharged into waggons, whilst the. coal {lasses to a 
trommel L in which the water is drainal oil’ from it, and the ccml is 
then trans|)orted by tlie screw conveyor if into the storage bin N. 
The duff, or undersiae from the tronmiel C, passes by a long screw 
conveyor 7), to ten double felspr washers E, working at 180 to 



Kig. 3SII*. Elliiitt trough washerj’. End elevation. 








quarter-inch ^okes per minuta Ihe dirt dApsJnto troughs 
to each^set of hutches df the washers and .Is carrfod by a 
screw conveyor to four elevators F, with |)crforst«d buckets, which 
deposit it in the same iJin that receives the dift from the nut washera 
The coal is carried by the stream of wjter to a large settling pit 
G, 45 feeU long, with a depreasion at one end in which works the 
elevator H which lifts the washed coal up the screw conveyor 0. 
A scraper works in the bottom of the settling pit carrying all the iml 
deposited there to the boot o( the elevator. centrifugal pump / 
pmniw the clarified water from the settling pit back again to the top 
of the building. The plant* has Iwen found ca|«dile of washing 
450 tons of coal iter day of 10 hours, e.xtnicting O'O |K‘r cent of refuse 
therefrom. 

A still more elalsirate wa-shery is shewn in Kigs. :I00 to 
representing one built by the biihrig t'oal-Washing and Ore-Dressing 
Applianci's (’o.. htd. The coal is tip|ied from the colliery tub in 
tipplers from a (dalform o, and is screened on three 2 inch jigging 
screens, b the oversize passing on to three picking tmlts of the ordinary 
tyiic, mid (he undersize dropping into a large storage hop|)er r. The 
inferior coal iiicked out on the belts is broken on a breaker it, and this 
and the small coal are elevated by the' bucket elevator e to a complex 
trommel making nuts down to alsmt 1J inch mesh, bears down to alsait 
1 inch and [mas down to alsmt 'i inch mesh, each of which is washeil in 
a separate f Isistr washer/; the clean coal is delivered over drainers p 
Into hopm rs li, whilst the middlings, consisting of dirty coal, are con¬ 
veyed by a screw conveyor to an elevator that lifts them to the crushing 
rolls^the crushed material is washed on a separate nut washer. All 
tte waste is lifti .1 by the elevator h and discharged. The fine c«il, the 
undersize from the I inch screen, is classified in a spitzkasten m, and a 
series of sjiigots supply the fine coal washers n ; the waste is removed 
"by the elc .itor <■ The fine coal is carried by the escaiiing water to a 
drainage drum, which se|Kimtes out the coarser jKirtion; this is then lifted 
by an elevator p into storage liop|)crs (/. The finest coal settles in a 
big settling tank r with a depression in the end, forming a Ismt for 
the elevator s which lifts it to the storage hopper. From the other end 
of this settling pit clear water overflows into a tank and is purajicd up 
by tlie centrifugal pump t. Tlie engine-house containing the lighting 
dynamo is shewn at ic. The plant (inclusive of the picking belts) treats 
1500 tons per day of 10 hours. ^ , 

It will be noticed tliat the main difference m principle betwwn this 
* Enginfering, Feb, 1.1, ituh P 1*^' 
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plant and the pfcvious one ts that the dirt from jjie nut WBl«rt > J 
treated sfa middl^igH and is crashed 4nd re-washed, som to save the ixm^ 
that it containa ' 

Another plant on shnilar princi])lc8, built By the Humboldt Eng^- 
nccring; Works Co. for a French colliery is shewn imFigs. 393 to 396; 
it is ititendcd to treat in 10 lionrs "00 tons of small coaUwhich has 
passcil ttirou(,di a 40 non. (1 TiJ') inch) screen. T!;e small coal is dumped 
from the waRi’oiis inP) a storage hopper, whence a conveyor takes it to 
the boot of a bucket elevator. This delivers P) a coinple.\ trommel, 
which makes five sizes, namely To to l'9*inch, 1'9 to 079 inch, 079 to 
O't? inch, 0'47 to 0 i>4 inch, and the uiuiersizc from out inch. The 
four (Htarser sizes go to four nut washers, and the clean coal from these 
goes inp) fixed draining screens which deliver it to a series of pockets. 
The finest size is washed on fine coal jigs and the washed coal from 
these is run into a series of bins in which it is drained, there l)eing a 
ttumluT (d' ])ockets in which the fine coat is stored until snflicient water 
has drained oil' it. The tine coal is then run out from the bins into a 
Herai)er conveyor that takes it to a special tine coat elevator. The fine 
tailings are taken direct to the dump, the fine nuddlings and the coarser 
middlings and tailings being drained, ernshed and washed in s])ccial 
washers. Arrangements are jirovided by which each size can be loaded 
seimrately or all sizes together as may 1 k‘ i-equircd. The water runs 
into a scries of settlers of the spitzkasten type, where the slimes settle 
out, the clear water being pumped back again P) the washcry. 

Another very similar plant, built by the same firm for a South Wales 
c<dliery, treats all coal lielow 11 inch mesh, and is capable of treating 
500 Pins of coal per 10 hour day and is driven by a 160 H.E.tendera 
compound engine. 

• ('opiMi's washeries are arranged on practically the same principles as 

the She)i(Mird, Liihrig or IlnmlHildt jilants. IJaum’s washeries differ in 
that the coal is washed first and then chissified, the fine coal under 
^ inch king then washed apiin. 

Fine washed coal is suitable either for coking or for making into 
bri(iucttes, fonuing what is often s|«iken of as “Patent Fuel.” Briquet¬ 
ting is usually performed by mixing the fine coal with a small proportion 
of pitch (nsually about 6 ]mr cent.) and heating th? mixture which 
is then cxjiosed to great pressure in a suitable press, forming blocks 
of various shapes and sizes. ••, 

Anthracite ^“quires a treatment difi'ering from bituminous coal; it 
bums less readily, and requires a large air supply, wliich can be obtained 
fay burning it in oomparat^vdy small pieces, of very uniform size, so ^ 
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?io expose the gretjest possible surface rf coal (!w a gi^en mass. Hence 

anthracite has always to be brokeit, and very closely sieeA It*i8 nsudly 
broken in rolls, fluted or toothed, an'd sized on shaking screens, Ooxe 
screens, or some similar form of screcninf appliances; trommels 
'are said to wea» out very rapidly. In America the sizes made arc 
generally«about as follows: lump, over ,'> inches; steamer, ,'i inches 
to 4 inclics; broken, 4 inches to inches; egg. itj indies to 2 inches; 
stove, 2 inches to IJ inches; chestnut, IJ inches to | inch; [ica,} inch 
to i inch; laickwheat, i inch to } inch; rice, i inch to y’, inch; liarley, 
under fi, inch. The sizes a?e only approximate, and vary a good deal, 
while sjiecial sizes are at tinicif also made. The larger sizes are picked 
bj' liand, or tlic slate is se|)arate(l liy mi-chanical means, dejiending on 
the fact tliat the accomiianying slate is in tliin flat pieces, whilst the 
pieces of coal are more nearly cnbical in sliape. The medium and small 
sizes are cleaned by .jigging like bitiiminons coals. 

Class II. Ohks. 

Iron Ores. .Many of tliese need no treatment at all, as for example in 
some of tlie mines in Midiig.in, IbS.A,, wliere the ore is loaded by steam 
shovel, direct from the mines into railroad cars. In other (zises, e.g. in 
the Cleveland district of Yorkshire, liaml picking alone sniiices, the 
ironstone ladng tippled direct on to a picking ladt or similar device. 

■Some .ires, particularly brown haematite.s. occur in deisisits in a 
tough adherent clay that has to be washed ott, for which piir|H>8e 
any of the washers descrila'd mi pages 100 to llKimay la: employed, the 
arrangement of the plant being usually extremely simple. .Siicli ores 
• are TOt with, for example, in Virginia, IJ.S.A., and in the province of 
Santander, Simiii. • 

A log-wasliing plant as used in laingdale, Virginia, already referred to 
on p. 101 ig.«hewn in Figs. :l!)7, dllll ‘. The ore is brought in railway c-ars 
on to the tre.sile T, Fig. and dumped into the hop|ierg U, U', 
from which it passes to the lower ends of four log-washers. The 
logs are iron piiies 17 feet inches long, 11J inches in diameter, of 
finch metal, as shewn in Fig. 397, the paddles lieing set in a double 
spiral with a foot pitch; they make 12 revolutions jicr minute. 
The troujths, R, are made of semicircular cast iron plates, bolted 
towoodfn frames. ,U the top end of the washers the ore is dis- 
*^[a^ed into four drainage trommels (?, of inch steel plate, punched 
with /j inch holes. The ore dftips from the end 'of this into a 

. . • 

* 7hM$. Amer. Imt. M. E. VoL^T. 18W, p. 34. 
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shoot delivering,to the ore cars. The midersize drqps on to a 20 mail 
screen alf If, thd oversize from whidi also goes to thg Ore cars, whi|Bt 
the water runs to waste throi<n the trough Y’ The muddy water . 
running off at the lowtr end of the trougli i§ ran over a screen to 
collect any fine ore that it may contain, and tlien abo runs to waste.* 
Tlic whole plant is driven hy'a 2.j h.p. engine and needs th% labour of 
six men. It washes alamt 200 tons of ore (k;? day, the production 
of washed ore Iteing from 70 to 7i> imr cent. The coal consumption 
for steam raising amounts to lO'l! lbs., per ton of ore treated. 



Fig. !W7. Lmgclale log wtuilier. Section of log. 


A large plant at Santander uses drum washers, as mentioned on p. 105. 
The ore-clay is brought in railway cars on to a trestle,whencc it is tipped on 
to a platform, off which it is sluiced into eight large washing drums, 13 feet 
long by 6 feet 6 inches in diameter, with a conical discharge 5 ,feet long, 
tapering down to 1 foot tl indies.' Tlie ore-clay b sluiced into the wideaq)^ 
of these drums over a grizzley with bars 4 inches apart, any large lumps of 
ore remaining on these being picked out by hand. The eight drums treat 
3000 tb 3500 tons per ^y, the water consumptibn being 500 tons per 
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Fig.3i«. WigiUe log wiuiber. LoDgitadioafMd 
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hoar. The plant k driven by a 210 B.P. engine, ani^ the pkhqpci tplK 
80 HJ. eogine* '^e drums make involutions per minute; the ira«he|1 
ore is discharged from the narrow ends direct intotore cars. The wafer 
from them runs into settling pita, the sludge ftoni^ which is washed in 
two similar washing drums, but of half the size of th^ first ones. The, 
overflow from the settling pita and the small waahers is lifted by tailing 
wheels, 20 feet in diameter, into a couple of spitzkasten, about 10 feet 
square; the spigots of these discharge into two drums similar to the 
last, the overflow going to waste. The washed ore forms only 30 per cent, 
of the crude ore-clay. r 

Occasionally iron orea have been submitted to aome form of wet 
crushing and dresaing, usually by jigs, but at the present time iron ores 
are usually concentrated magnetically. Thus a good deal of the poorfr 
magnetite, mined in the Like Ohamidain district, used at one time to 
l)e crushed under tilt hammei's, striking on cast iron gratings, down to 
about j indi, the coaiaer jwrtion jigged in Harz jigs, and the finer portion 
waahed in a la)X huddle or a tye, the crude ore producing about .38 jier 
cent, of concentrated ore. 


At irreaent this work is ]K!rfonned by magnetic sejKiration. In one 
large works in the alH)vc district dry inagnetie separation is employed. 
Tile ore comes from the mines in 8-ton ho|)per cars, which arc hauled 
up au incline, and the ore is dum|)ed into a main hopjier wliich feeds 
two rock-breakers arranged in tandem, tlie first, a 30 inch by 18 inch 
Blake, breaking to about 3 inch, the second, a 3() inch by (i inch double 
jaw Blake, to about 1 inch cuIk*, the broken ore being conveyed from 
the first breaker to the second by a llobins la;lt. .\nothcr similar belt 
takes the broken ore from the smaller rock-breaker to a pair of 36 inch 
by 14 inch rolls, which crush it down to about No. (i mesh. The c^bed 
pre is elevated to the top of a drying tower, alMuit a feet square in 
inside section, containing 18 rows of T-shaped bars, aliout 6 inches wide, 
6 bars in a row, unifonnly sjraced; these lairs arc arranged in 8 seetkM 
of 6 rows each, all the bars in one section k'ing at ri^t angles to th^; 
in the sections above or lielow. Tlie tower is fired by a lateral furniiwl 
The dried ore runs out at the bottom of the tower and is elevated 
to the top of an inclined fixed screen, fitted (with punched plates, 
making four sizes, namely 30,16,10 and 6 mesh. Tlie oversize from the 
last or largest size goes to a pair of 36 inch by 14 inch rolls set^over the 
conveyor belt that runs from the dryer to the boot of the clevatonji^ 
the screena Ifech of the four sizes goes to a Ball and Norton belt 
separator (see pSigo 403) on to the belt of which it is fed by a roller 
feeder < Ihe bells are ft inrhea wide and ran treat, on tnna ner hnnv 
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Hie tailings from the machines treating the finer Me crintol i|'; 
another i»ir?sdf ^ inch by 14 inch jolls, and the psoduct goes to *i 
6-poIe Wetherill machine (see page 430), the first^iair* of poles taMng 
out magnetite, the seeigid magnetite and hornblende middlings, the 
third honiblende, leaving marketable failings of apatite,^ontaining about 
60 per cent, of phosphate of Ihne and 5 per cent, of metallic iron. 

Hie final result is the seiiaration of the crude ore into magnetite 
83 per cent., ajiatite 7’6 per cent., horidilcndc, &c., 9‘5 per cent.; the 
crude ore contains alwut fier cent, of iron and 175 per cent, of 
phosjihorus, and the magnetite concentratof aliout 65 to 67 per cent of 
iron and 0'5 per cent of phosphorus. The mill treats alwut 750 tons 
of crude ore in loliours, and is worked by three fiOIlP. and one 10 H.P. 
induetion motors, the average [Kiwer consum])tion licing 120 to 130 KH.A 
There are about 10 men engaged jier shift 

hig. 390, from a [minphlet issued liy the owners, Messrs Witherbee, 
Shennan and Co., gives a general idea of the arrangement of the plant, 
but shews an older arrangement of the magnetic separators than the 
one described above. 

A small plant has recently la’en erected by the Himdsildt Engi¬ 
neering Works Co. at Kiserfeld, Sieg, to treat calcined spathic iron 
ore, the separator used la'ing of the type descrilied on page 396. 

A section of the installation is sliewn in Fig. 400. The ore is hoisted 
by an ordinary hoist and ti])])cd into a bin A, whence a simple 
reci|)roeating feeder II feeds it uniformly into the trommel V, having 
screens of l’2r> inch, 0'6 inch and 0'24 inch mesh respectively. 

I'he oversize from the largest screen drops down a shoot on to a 
rotating picking table />; on this toble some 8 or 9 tons are picked 
over per 10 hour shift, 4 or 5 lads la-ing ample for this work. "They 
pick out waste and clean lump ore; the remainder goes to the rock- 
briiiker E, and after breaking is returned to the hoist All the stufl 
that is l)etween 1’25 and Oti inch in size g(K‘s through a jwiir of crushipg 
rolls, and after ladng crushed is also sent up again by the hoist Mie 
undersizes from the two finer screens go each to a magnetic separe^r 
Fi and F,; the middlings from these go to a pair of crushing rp8^ and 
after crushing imss through a third separator F„ the middiinis from 
which arc returned to the last-named crushing rolls. The entire plant 
is driven by a 45 h.p. motor, and can treat in 1(» hours 60 tons, contain¬ 
ing 30 per cent of iron; the concentrates amount to almut 29 rais aad_ 
contain 56 per cent and the tailings 16 per cent of iron. The cost ' 
amounts to about 4a per ton of pnxlitct 

As an example of a Wet magnetic separating plant, a small Scandi- 



Fig. 4U<). Biejj iimgiietic jiliuit. Hectiouiil uk-vutioii. 





















.iaviaa plant* maj^be quoted, which is shewn in Fig. 401. The ore 
comes in direct fhom the mine i» side-tipping cai/;and ia tlirowii 
into a Gates rock-bitsaker, from whioh it dro|)8 into a shoot focdiiig 
into two Griindal BtJI mills, making 28 revoliijjons |kt minute; these 
•mills were origiipy chaiged with 5(1 kills weighing 2t) Hh and 50 
balls weighing l:{ llis. each; on an averrfge each mill reipiires (i new 






















tioM per minate,' These produce tailiagg that run djict to waste. 
magnetic porCioV goes to four simitar, but less powerful, concentrat^v 
(the magnets of the former are»wound with 480h turns, those of &e 
latter with 1H20 tutnsV which produce middlings, which are run into 
cars; the latter are elevated by a hoist, and tl» middlings thug' 
returned to the ball mills fof further crushing. The concentrates fall 
on to an endless revolving screen with ()‘h2 inch mesh; the oversize 
from this drops into a ear and is also hoisted up and retunied to the 
ball-mills, 'ilie undersize forms the finished product. The crude ore 
contains alwut ■17’4 percent, of iron andfr'i percent, of phosphorus; 
the concentrate alsmt (It! per cent, of inii and O’lH) per cent of phos¬ 
phorus; the tailings conUiiu 7'I to l!'7'i per (!ent. of iron, of which 8 per 
cent is in thcTonn of magnetite. The works treat lin tons of cruue 
ore |K'r 24 hours and projluce alsmt 4(t tons of concentrafr's; there arc two 
12 hour shifts with 11 men per shift; the jsiwer consumption is 36 H.P. 

In the Tiewer jdants a rather more elaborate arrangement is pre¬ 
ferred. The ore is broken, nsnaily in tandem rock-breakers, the first 
licing usually a jaw breaker and the second of the gyratory type. After 
each breaking, or after only one of them, according to the character of 
the ore, Imrren ns’k or mineral too p(S)r to treat may Is; sorted out, 
usually on I'ieking lielts; at times this sorting is performed magnetically 
by a magnetic sefsinitor of the Wenstriim ty|S‘. The ore to Is; treated 
is then fe<i info wet crushers, usually bsill Tuills, where it is crushed to 
or h inch. 'Hie pulp then passes to maguetie separators of such strength 
as to produce practically clean tailings; the magnetic itortion is fed into 
a tulm mill where it is further crushed to the rc'piisite degree of fineness, 
sometimes to , J„ inch, and this fine pulp goes to another set of magmjtic 
sei)arators, Imst so arranged as to give rich magnetic concentrates, clean 
failings and mnidlings that are returned to the tulie mill for re-crushing. 

A fine plant on similar principles luis been erected at Str&ssa, in 
Central Sweden, by the Metallurgiska Aktielsilag of Stockholm, and is 
shewn in Fig. 4(12. The ore to be treated consists of a mixture of 
magnetite and sirecular haematite in alxmt equal proixwtions in a 
gneissose gangue, the ore averaging some 8,') jxir cent of metallic irom 
The ore is delivered to the storage hopjxsr A, whence it drops into a 
25 inch by 18 inch Blake rock-breaker B, The broken.ore is lifted by 
the Robins belt eonveyor D into a pair of Gates rock-breg^rs 0, 
36 inches in diameter. TTicnce another Robins lx;it conveyor takes^he 
ore, now broken to about f inch, to hoppers from which four revolving 
ore-feeders F feed it into four Ball mills B. The pulp runs into Oriindal 
timdem separators Oof Type 3 (see p. 423). The magnetite thus separated 





Id tilt# 4 iobe-fflilte 3, uid alter fading is ^ludly concen- 
on similar ^ndal separators. All the tailingsii^m thesnagnetlc 
1 sepMatbrs goes to a pliir of four-compartment spitskastcn K, the product 
ifrtnii each spigot goiag fb one of 8 Ferraris bvblgi C, which give a clean 
•haematite concentrate. The haematite and magnetite coneentrates are 


mixed and,go to the draining appliances tM. 'fliese consist of lM)xefi, 
triangular in vertical section, hung on a hinge at one end and shaken 
rapidly by a simple cam acting against a tappet at the other enil. The 
contents of the Imx are thus kejrt in rapid vibration, under the effect 
of which they settle very closaly, the water running off over the edge of 
the box. On inverting the liax, the contents, now snilicienlly freed 


from water, drop into small (Mrs, which convey the concentrates to 
storage bins 0. The concentrates are then spuuped in briipietting 
presses of the drop-press type, N, and are burnt in (Iriindal tunnel 
furnaces P, fired by gas producers R. A full descri|)tion of this method 
of briiiuetting will be found in the Joiirii. Iron and Stri'l Jimt, 
Vol. LXV., 19(0, p. Ite The briipicttes arc stored in bins T. whence 
they are transported to the railway by the aerial cable-way U. Hie 
plant will treat about :i(M» tons i.f ciaide ore, producing about too tons 
of briquettes in 21 hours. It is worth noting that it has k'cn found in 
treating many ores of this type, that the specular haematite, whet, 
associated with magnetite, is sullieiently magnetic to be callable of 


being concentrated by wet (iriindal iiiagiietie seiiarators, using a more 
powerful field than snflices for magnetite. 

A small plant in Central Sweden consists of a Iflakc rock-breaker 
24 Inehts* by 1« inches, which breaks the ore down to ala.iit 2 inches. 
Tlie broken ore drops into a bin holding alKiiit l.>9 tons, f"’"' 
♦bottom'of which a roller feeder delivers it to a Robins carrying adt 
that takes it to the feeilers of a couple of Hall mills, ti feet .1 inches mig 
by 6 feet (i inches diameter, making 24 revolutions iier nimiitc bach 
tell mill holds about 1 ton of balls, weighing 21! lbs. em li; toe wear 
amounts to about o.'. Hh. of metal per 21 hours, flic two m. Is crush 
together ala.i.t 140 tons in the same time, and reip.ire als.iit lo i h.p. to 

toe them. The water supply is alamt ilOO gallons ... fhe 

pulp from the ball mills flows to a (iriindal magnetic spiUkasteii, 
followed by a [lair of (irbiidal .seiiarators of the No. .1 tjiie (see p. ..) 
wS.> toudem. The toiliugs How to waste. I1.e conem.trats. 
whi*4>rm about J of the weight of the ore, go to a tiilic mill U fat 
louL by 4 feet in diameter, making 20 revolutions imr minute, and 
using a charge of 3 tons of Danish TiuarW pebbles; 

«*8rge will grind abSut .iUUO tons of conwutrates. Ihc finely fp-ound 


dlO" 

pulp is lifl;ed by a bucket elevator and conoen^ted in A; 

Griindal teparatlA with magnetic spitzkaaten as before., Ibe coOcOTteyttfe 
arc unwatcrcd in a shaking appliance and are then briquetted. He; 
concentrates conbiiiS about fi/ |)cr cent, of metsflliairom The magnetic 
8Ci)amt«rB all together take a current of (10 volts at 8# amjjeres. 

Manganeae orea are not often the subject of dressing ^)peration8; 
sometimes tlicy oce\ir witli much adherent clayey matter, and in that 
ease have to Im washed like brown haematite. Other ores usually 
re(|uire oidy hand-picking. In a few citSes the ores are broken down by 
rolls and dtesseil in jigs, the finer material l)eing huddled or treated 
on Wilfley tables. In small mines tHe ores are often washed by 
hand in tyes or strokes. • 

Copper orea. Oxidised ores of coi>per are rarely dressed, as they 
are usually treated by metallurgical or chemical means; it would be 
(juite praeticahle to dress an ore containing say cuprite or malachite, 
hut owing to the brittleness of these minerals they would l)e in great 
part reduced to fine slinieH, iind the losses in dressing would l)e heavy. 

Native eopiwr is dressed on a large ‘ scale in the imiswtant mining 
distriet of Like Siqa'rior. The ty|)ical metlasl of treatment there is as 
follows; 

The ore goes first to spalling floors, where it is broken up and the 
large himiis of native ix)|)per iiickcd out; this breaking is often supple¬ 
mental by jaw r(H;k-breakers, and steam hammers for freeing the copper 
as fiir as |a>ssible from adherent rock. The rock to lie treated then 
(Kisses to the steam stanqis; usually eaidi steam stanq), and the 
dressing (ilant combined with it, are treated as an individual ipiit, 
which may la> sto|i|K«i or started iiuhqicndcntly, and a mill consists of the 
• requisite numlier of such units. The steam atam|)s have screens with 
holes alsiut jg inch in diameter. The coaivie co|(|)er remaining in the 
mortar is picknl out at intervals; the (mlp runs to a set of 4 hydraulic 
trough classifiers, each with 4 B[iigota. The (irisluct of each siiigot 
giu's to a jig, generally a t!olloin jig (see p 286). 'Jlie tailings Irom 
these run to waste; the concentrates arc (iractically ready to send 
to the smelter. The middlings from the intermediate hutch go 
to other jigs nr else to Wilfley tablea The overflow from the classifier 
and at times some of the finer (iroduets from some of the other 
dressing inacdiines go to 4 or 5 ordinary convex dime tables. 'Here 
is rarely any re-crushing of middlings, as the smelters can treat ewn- 

(mrativelv low grade stuff, and the low [icrcentage of copper in the crude 
* * * • ' * 

^ On Ormiiytfli. A. Tol n. DW. 



npii^andxdieap working essential The (;pidfi ore may 
^ii^htain about ^ ^r cent of copper, and the dr^led material will 
average about 8U pdr cent Each uAit will treat about 3r>0 tons per 
24 hours; the steam ktanip absorlw alx)ut UV H.P. and the washing 
plant, etc,, about*!;! H.P. or say III! h.P. altogether, e.vclusive of pump¬ 
ing; the i^ter consumption is about 1UU,()IK) gallons per hour. 

This description may be illustrated by the single-unit plant for 
treating 12.') tons |)er diiy of 21 hours, built by Messrs Fraser and 
Chalmers, Ltd., and shewn in Figs. 4li;! and 404. llered is agrizaleyand 
B&Ui inch by 9 inch t$lake »)ck-l)reaker; tlie ore from these goes to the 
steam stamp V with 20 iueis by 11 inch cylinder, stamping through 
inch screens. Tlie crushed pulp goes to hyiltaulie sciiarators D, 
making three products that go to three i»urs of Oolloin jigs E, E '; the 
middlings hgun these jigs arc re-crushed in llet)crle or in Huntingdon 
mills F; the prwlucts go to a second series of hydraidic separators (?, 
the first two spigots giving products dre.ssed on the Colloiu jigs H. The' 
slimes from all the plant run into the large spitzkasteu >/, the 0 spigots 
of which supply 0 Frue vanners K. In case of need a second row 
of Frue vanners K can 1)C put in to complete the treatment of thfi 
slimes. In this case it would (irobably lie |)rcferable to replace the 
first row of Frue vanners by Willley feiblos. 

Ores containing cop|)cr pyrites or cupriferous in)n pyrites frequently 
require dressing, and the treatment of such an ore may be taken as 
typical of the majority of dressing operations. Usually these ores occur 
in a qiiartzose gangue and the cop|)cr and sulphur contents are very 
irregularly distributed A certain proportion of lump ore can usually 
be pierced out that is siilcablc as such or can be smelted direct; another 
portion will 'generally con.si8t of waste, or of vein stuff containing too 
little copper to be worth treating; the remainder will have to be dressed,* 
and in the best modern practice will l)c treated by the system of gradual 
reduction. The following is a description of a typical works for the 
■ treatnient of such ores, which is illustrated by Fig. 40,i 

The ore comes in from the mines by means of an aerial ropeway; the 
buckets pass over an automatic registering weighing machiue, and are 
tipped by hand on to one of four grizzlies with Isirs 3 inches apart; the 
coarse ore is trammed to a rock-breaker, with jaws about 24 inches by 
IS inches, any lum|>s of shipping ore being pnt aside; the broken ore 
drofS into a bin, whence a shoot furnished with a sliding gate delivers it 
on to a pair of belts 2 feet wide, 50 feet long, travelling at the rate of 
59 feet per minute, there being*4 to 6 pickers to each belt Izunp 
shipping ore and waste are picked oS ihere, whilst the dressing dre 
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mixing with the undersize ftom tiie grizzlies is ca^ed by 
Robins (jelt coiivljjors into the dressing works pn^r, the 
previously described taking place in the sorting hwise, which here foms 
a separate imildiiig. Jt is the dressing plantcalftne that is shewn in 
Fig. 4(tr). foch licit feeds into a jiair of tronimels,of punched sheet 
iron with 1-inch lioles; the oversize goes to a pair of pijking belts, 
with It pickers to each licit, who jiick out waste rock and lump ore, 
leaving the dressing ore on the belt. Tliesc lielts deliver into a bin from 
which a rwik-breaker with jaws about 111 inches by (i inches is fed by an 
automatic feeder. From this point forwairl the mill is built in duplicate, 
each half la'ing eximtly the same. The un^lcrsize from the aliovc trommels 
mi.\es with the ore broken in the rock-hreakcr, and jiasses to four 
trommels with (IM inch holes, the oversize from each of which goes t8 a 
[mir of rough crushing rolls. The undersize from each trommel goes to 
a set of six sizing trommels with aiiertnres res|ieetively of 0•2K inch, 
02(1 inch, 010 inch, 0'12 inch, O'OO inch and 0’(i4 inch. Each trommel 
delivers its jiroduct to a three-compartment Harz jig, the lied consisting 
of clean pyrites somewhat larger than the mesh of the jig screen. 

The following table shews the details of the action of these jigs: 


For stuff 
pasKing 
trommel 

Nunihcr 
of sti'okeH 


Length of pistol] stroke fur 


of inosl) 

1 per niinute 

1st CompBrlment , and ComparliMent Srd Compartiij 

inch 

1 

inch 

inch 

inch 

0-4() 

L'M) 1 

1*60 

IfiO 

142 

{)-28 

140 j 

1-42 

1*84 

1-18 

0'2() 

150 ! 

110 

102 

0*90 

0‘16 

160 1 

0*87 

0-79 

0-71 ’ 

0‘12 

170 1 

0*79 

0-71 

0-59 

O-OB 

IHO ! 

0-68 

OvW 

0*47 

0‘04 

200 

0*55 

0-47 

0*35 


The spigot of the first comiiartment of each jig gives clean coarse 
pyrites, the second also clean pyrites of rather smaller grain, the third gives 
mostly middlings, whilst the overflow is collected and delivered to the 
lower works, or slime dressing plant 'Tlie tailings from the jigs treating 
the four finer sizes go direct to tlie lower works, the tailings and middlings 
from the three jigs treating the coarser stuff go to a pair of re-crushing 
rolls; the re-crushed material is sized by sets (two in each half of tbs, mill ) 
of three trommels with ()i2 inch, Otm inch and (rt»4 inch mesh, with 
a small square djiitzkasten set lielow the lowest one ; the products from 






WM, |o eaeb to gne of four threeHSmpartment jig*, whidi make clean 
ipHee; toe taiUi^;l from toe last Jthree jig* go to thf llime pljnt, those 
fiwm toe coarsest oae to the last set of rolk Tims all tailing* or 
middlings finer than (JtiB inch go direct to Jhe* slime plant, and all 
coarser are cru8||ed down to this size. 

Each lalf of the upper works delivers it# pnaluets to its own classify¬ 
ing trough (sec p. 2H6), fhis being ;14 feet 0 inches long, widening from 
3 fegf 9 inches to 7 feet 4 inches, and from 3 feet 3 inches to 6 feet 
0 inches deep, divided into .'> coni|)Brtnicnts. Tlie fiiwt spigot supplies 
twwscts of jigs, the second (jpe set, and tlic tlirec last a [lair of Liihrig 
vauuers each. Tlie tailings from these last go to waste, and the miildlings 
together with the tailings from the jigs go to a classifying trough 
();Wcet long, incrcivsing from 3 feet 3 inches to 9 feet HI inches in widtli, 
and from 2 feet 2 inches to (i feet (i inches in depth, divided into 7 
compartments, llic first sjngot delivei-s to a 4-com[)artment jig, the 
next to a 3-ccmpartinent jig, and the other i> spigots to Liihrig vanners, 
there lieing altogether 14 Liihrig vannei's in each half of the slime 
dressing plant. Tlie overflow from the head laixcs of these 211 Liihrig 
vanners goes to a lahyrinth in which a good deal of rich floating cupri¬ 
ferous jiyritcs is collecteil. Tlie entire works are driven hy two KKI h.p. 
turhinc"-. and their caiiacity is KlOO tons of crude ore jier 24 hours; 
of this ([uantity 20(1 tons is picked out as lump ore and waste, and the 
Remaining 900 tons are dressed The water supply to the works 
is about I'lOO gallons per minute; there are about "ii pickers em¬ 
ployed in the sorting house and .30 men in the dressing works |)cr 
shift. 

Tliis plant furnishes an excellent example of gradual reduction, and 
may bd taken as typical of wet dressing plants in general, although of 
course the individual appliances employed arc subject to a very wide, 
range of variation. The tailings from such a works as that here described 
will usually carry at least O'S per cent, of copper, when the crude ore 
’ carries a oout 3 per cent. In modem practice table* of the Wilfley type are 
employed for the coarser grades in slime plants, and vanners or revolving 
tables of the Hara type or some modification thereof only for the finest 
portion* The Elmore vacuum process promises to be very successful in 
saving copper from the slimes of such ores, and if the favourable results 
hitoerto obtained are confirmed by more extended experience, such 
plants will in the toture be built like the above as far as the jig mill is 
concerned, to be followed by tables of the Wilfley ty|jc and these by 
Elmore vacuum machines. 
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Iimd orei. Practically the only lead ore that oreggec.^^^^ 
npon to treat w gbifeiia, ffliich occurs frr the most part;n reins, 
with quartz, calcspar, fluorspar, spathic iron ore, etc., and in some Closes 

also with zinc blende; this latter mineral wj|l be referred to suh- 

r • 

scqiieiitly. 

As an example of the ordinary method of treating such lesai ores, the 
dressing mill of a North Country lead mine may be 'quoted. 

The crude ore or “work,” containing about ij per cent, of galeq^)', is 
trammed out of the mine in waggons or hutches, and tipped into a 
hopper, from which it is raked over a griz;^ey with bars about 2^ indies 
apart, a stream of water jilaying upon it j any waste not worth dressing 
is here picked out and thrown aside, and also any lunqis of pure galena, 
known as “ isitter ore"; the remainder or “ bouse ” is carried by a shdrt 
belt to a rock-breaker with jaws 10 inches by 5 inches, which breaks it 
down to 2 inches. Tlie broken stulf, together with the undersize from the 
grizzley, drops direct on to two pains of rolls, set one immediately above 
the other, intendwl to break it all to J inch. The broken stuff is elevated 
to a set of f) eoniail trommels having meshes respectively j inch, inch, 
i inch, I'g inch and J inch wide. The oversize from the first goes back to 
the crushing rolls, and the undersize from the last to the slime plant The 
sized stuff goes to four 3-comi»irtment Harz jigs, with lieds of galena, 
which give clean galena in the first compartment, middlings or “chats” 
in the st'cond, and waste tailings or “cuttings ” at the overflow; the third" 
compartment gives material that is often clean enough to go to waste, 
but at other times is treated as middlings. 

The middlings are re-ernshed in a sjK'cial jiair of rolls, known as 
“ chat rolls ’’ and the crushed stuff is elevated to the main trommels. 
Tile degree of crushing and the <piantity of material to be rc-treited are 
,lcft to the judgment of the foreman <)f the washing mill. The slime plant 
consists of ;i ordinary round buddies for the coarser stuff and 2 Brunton 
tables for the finer; the tailings are settled in 3 strips and dug out 
from these fVom time to time, and washed on 4 more Brunton tables, 
this latter imrt of the work being done by a contractor. The heads from 
the Bruntoi) tables arc dollied in hand dollies, those from the round 
buddies are flniahe<l on a knife buddle, whilst the clean ore from the 
jigs is finally dressed upon a small flat table workctl by hand. The 
pixxluct is galena with 77 to 80 jrer cent of lead, whilst /.he tailings 

‘ lu tho iMd nuu(» of the North of Bnglaud work ” is usually spoken of as giving so 
many “bings” of dressed ore to tho “shift” of “work,” a bing being 8 cwt, and a liift 
120 ewi 



to coBteit jbout i per cent of lead, though systematic tailing 
wsays are not oMi made. This fcill produces about 12 to V> tons of 
dressed ore per day, or treats about J50 tone in a 10 hour shift, about 
B men being employed.* 

A more elal»)rate plant’, shewn diagrammatically in Fig. 406, 
is arranged as follows:,Tlie ore as it coifles from the mine is tipped 
into a hopper, whence it passes over 2 grisslics set one above the 
oth^, the upper with biiw about Ij inches apit, the lower with 
bars about i inch ajairt The riversize from the top grizzley is hand 
pictisl, any waste la'ing rena)ved, and the remainder goes to the roek- 
breaker. The oversize from the second grizzley goes to the crushing 
rojjs, the undersize to the tnunmels, whilst the escaiiiiig water deiwsits 
any fines it may carry in settling tanks. A stone-breaker of the 
Blake type, driven by a l.'i h.p. turbine, breaks the cmirser stufi'to 
U inches, and this togetlier with ovemizc of the finer grizzley juisscs 
to the crushing rolls, consisting of one pair of grooved rolls 1(1 inches in 
diameter by 17 inches long, from which it goes to two jmirs of finishing 
rolls, of the same size but smooth, the former making (I and the latter 16 
revolutions per minute; these rolls crush alaiut 4 or 5 tons jicr hour. 
The crushed stufi' [wsscs through the trommel A with square meshes 
to the inch, the oversize being taken to a pair of rolls for finer crushing. 
Tile undersize jiasses to a set of 3 trommels 11, C and D, having 
respectively 3, 4 and 6 holes to the inch, the undersize from the last 
going to a set of 4 sjiitzkasten K. The oversize from each trommel and 
the products from each spitzkasten go to a separate Harz jig (Nos. 1 to 
7), the details of which arc given in the following table: 




Stroke 

6 


Jig 

Number of 

. . _ 


Nature of grid 

Number 

compartmontB 

Number 
per minute 

Lengtli 




inch 


1 

4 

140 

4 

Steel abeetR with 3 incli round holes 

2 

4 

140 

1 

„ „ 1 „ „ „ 

3 

8 

ISO 

3 

Copper eheetH „ No. 7 „ „ 

4 

'8 

200 

dr 

H t< f< » >• 

5 

8 

220 

1 

„ „ „ „ 18 „ „ 

6 


280 

i 

„ „ „ 28 

7 

3 

250 


.29 „ „ 


^ Tremt. Intt. Mitt. Eng., “Pescriii^n of the bead-bre W^hing Plant at the 
Greenaide Minea, PattenWe," VoL mv. ife, p. 331. 
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All the jigs gr^uce good galena in the first conjpSrtment, thiUi 
No. 1 jigjassayin'g about 75 per cenLhf lead, and thaiT from all the othert 
about )l(> per cent The second compartment produces galena with 
barytes, pyrites, and seme blende; the third faiid fourth) yield poor 
middlings consisting of vein stuff with specks of ghlena; .whilst the 
overflow is considered to b5 waste tailings. . t 

The ovei-flow from the spitskasten E |)asses down to the second 
floor of the works, where it enters a large spitskasten, G, the iSpigot 
from which feeds two large round buddies H 1 and H 2, 24 feet 
in diameter with headlsjards 8 feet in dhtaeter; the overflow from*the 
spitzkaaten goes to another spitzkasten A supplying two similar buddies 
II.\ and H Tlic contents of the huddle are divided into 4 c|j^; 
the first is dreased up to standanl quality on a small huddle, the second 
and third are huddled again in another small huddle, and the tailings 
are i nn to another classifier and huddle. The oversize from the trommel 
A is trammed to rolls on the second floor and the crushed stuff is sized 
in two trommels followed by two spitzkastens, the various sizes being 
jigged in four jigs, l-^, and i'‘. The ore from the first 

compartments of all the jigs is cleaned in a special cleaning jig or on a 
flat table or “trunking-box,” producing clean galena with 82 to 84 
per cent, of leml. 

The rich middlings from the second comiiartments of jigs 1. 2 and 3 
is tmmmed to the chat-rolls or No. 3 ernsher, classified and jigged in 
two jigs Nand T, the fonner running at 200 one-half-inch strokes per 
minute, the latter at 280 quarter-inch strokes. The first compartment 
yields practically clean galena, and the middlings are treated with the 
poor middlings from the other jigs. These are in part stamped in a small 
stamp mill, in jiart crushed in the No. 4 ernsher rolls, and the product 
.is classified, the rougher iKirtion going to a jig making 280 strokes of 
iV inch jier minute, the finer being treated on Liihrig tables. Below 
these come settling pits, the slimes from which are further treated on 
round huddles. Tlic crude ore from the mine carries about 7 per cent 
^ of galena, which is brought up by hand-sorting to about 15 per cent 
' The produce of the entire mill is about 6 tons of lead ore per 10 hours’ 
day and the cost of dressing about 10*. 6(1. per ton of dressed ore. 

A modem plant for treating an ore of argentiferous galena, which 
is very easily dressed, has been described by Mr E. R. Woaices'. The 
ore consists of galena in a gangue of quartz with smaller proportions of 
pyrites, magnetic pyrites, zinc blende, etc., which are too low in silver 
' TVaxt. hH. Min. Mil. VuUvii. 1902-,\p. 140. 
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to be worib saving. 'Hie scheme of operations is shewn diagranunatic- 
^plly in Fig. 407,.ftich a diagram being genetally-'kliowu as a “Flow 
sheet,” whilst the •plant itself is shewn in Fig. 408. flic ore is 
delivered by an aia;i^ tramway to bins, from^Wiiich it jasscs over a 
grizsljy to a Gates rock-breaker, and the broken ore is carried by an 
18 inch ^It conveyor to a storage bin. From this it is fed by an 
automatic feeder to the coarse crushing rolls, 26 inches diameter by 
l^iljches face, running at 8.5 revolutions )xir minute. The liroken ore 
drops into a trommel 86 inches in diameter and 40 inches long with 
I Inch round holea The ^versizc goes to the iuterniediatc rolls, the 
undersize to an elevator consisting of steel buckets 12 in. liy 6 in. 
attached to a 14 inch belt; the latter runs at alKiut o.lofeet jicr minute, 
tife distance lietween head, and tail pulleys king 48 ft 6 in. The 
cnishcd ore jgics to a set of 4 trommels all:«) in. in diameter; the first 
has i in. and in. holes, tlic second has | in. round holes, the third 
0'12 in. round holes and the last 16 mesh slot holes. Tlie oversize of 
each mesh goes to one of 7 jigs, there lieing 2 two-coinjiartment, 
:4 three-compartment and 2 four-comiiartnient jigs, the screens in each 
comiiartment king 3 ft by 2 ft The fonr-eompartnient jigs arc fed 
from classifici-s, The undersize from the last trommel goes to a set of 
4 hydraulic classifieis and thence to the V-shajied settling boxes, the 
first having three divisions. There are thus 8 spigots, the first two of 
which feed to the two jigs, and the remainder each to one of 6 Wilfley 
tables. 

The first compartment of tlic jigs and tlie tables jiroduce ore clean 
enough for shipment; the jig tailings are mostly clean enough to go to 
waste, those from the first at times, however, carrying enough ore to 
make them worth re-crushing. The middlings from the coarser jigs 
go to the intermediate rolls, those from the finer jigs to the fine crushing 
rolls, of the same size as the coarse rolls, but running at il5 and 105 
revolutions per mimite resi)ectively. ITie cnishcd material goes back 
to the boot of the elevator. 

The mill is driven by a 4-foot Pclton wheel under a head of 450 feet, 
and its ’capacity is about 200 tons per 24 hours. Its total cost complete 
was just about £7200, and the cost of treating the ore just about 16(f. 
per ton. The saving of lead amounted to 81’5 per cent. 


Xicad-zinc ores. As galena and zinc blende occur together in a 
large number of deposits, and as the presence of either mineral in 
, notable quantity interferes with" the metallurgical treatment of the 
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other, the problem of dressing such 
mixed ores i/ tniJ of the most 
«ommoiily occurring in ofe-<lit>88iiig 
practice. ^ W hen the mixture is 
'cry intimate and the minerals 
exce^ivcly fine-grained, the prob¬ 
lem pre.sents extreme difficulties 
and can liaixlly Ik; said even now 
to have l)cen entirely solved; in 
such eiuses (c.g. at Rroken Hills, 
New South \tales) magnetic 
mcthod.s, chemical methods and 
more recently fiotalion methods 
have been employed. These arc 
examiiles of the n.se of individual 
apidiances oi’ ])roce.sses for a special 
o|)orati(m, and have Iwen suffi¬ 
ciently treated under the heads of 
the resitcctive apidianecs. It is 
only necessary here to consider 
complete plants using the oniinary 
'vet methods for the se|>aration of 
these minerals when they occur in 
particles large enough to admit of 
'vet sc|)aration. 

Such a plant, erected in 
(Jermany, for treating an ore con¬ 
sisting of blende and some galena 
in a gaiiguc of ((uartz, slate, sitathic 
iron ore, etc., is shewn in Fig. 409*. 

It will l)e seen that the right-hand 
and left-hand halves of the works» 
arc quite identical in design and 
the following description refers to 
one half only. The ore comes from 
the breaking house, where it has 
been broken small, by the main« 
tracks, in mine waggons, which are 

' Unienhach, Au/bereitung der Brze, 

I’l. XXII. 
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tipped on to the gratings: a system of bucket eleyators on diains, 
lifts the ores to a Couple of washing trommels, witRJiples 1*2 inches 
diameter, Ithe oversize of which goes to a pair of •picking tables; the 
dressing ore is sent back to be re-crushed. Tjjcjindersize goes to a 
set of five conical sizing trommels, arranged in two groups to sav^ head 
ntom with an elevator between them. The apertures are oj 07 inch, 
O^t incli, 0'2 inch, o•12 inch and O'OO inch widths respectively; the 
undersize goes to a small two-eompartment spitzkasteu, the ovjriftw 
from which goes to tlie slimes washcry. Harz jigs treat separately the 
product from each trommel, the three coarser sizes going to :t-cdln- 
partment, the two finer to t conijiartment jigs. The sands from the 
spitzkasteu arc treated on two 4-comi)artment jigs. The overflow from 
this spitzkasteu juisses to another spitzkasteu, which supplies t^o 
Linkcnbach tallies; the overflow from these runs directly to waste 
through a launder. The middlings from all the jigs runs into settling 
pits, whence they arc loaded into waggons running on the tracks, and 
taken to lie re-crushed The waste runs down inclines and is lifted by 
elevators till it reaches the endless chain haulage, which takes it to the 
waste tip. There arc two pumps, ])Hm])ing the requisite water into 
high level tanka, whence it is distributed by cast iron pijies. 

The entire works can treat l'> tons of broken ore per hour; it is 
driven by a :t(! h.p. steam engine, requires (iOO gallons of water per 
minute, and employs iUI hands, of whom 40 arc engaged in picking. 

This is a fair e.vample of a somewhat old-fasliioned plant, in which 
all the crusliing machinery is kept distinct from tlie dressing plant 
proper, this being somcwliat contniry to the usual practice. 

A modern (lerman mill for treating similar ores is shewn in Fig. 
410 *, which consists of three identical divisions, the whole works 
teing capable of treating :10 tons jier hour. The ore from the mines is 
brought at the level a in mine waggons into the building C where it is 
tipped on to the gi'izzley ft; the oversize drojis into the bin c whence 
it is taken to the sorting house. The undersize passes into the bin d, 
whence it is fed into the washing trommel e ; the undersize is carried 

* by the shoot k to the first sizing trommel in. The oversize is ^rted on 
the picking lielts / on which waste and lump ore are picked off and 
thrown into shoots «, from which they are readily loaded into waggons. 

• The dressing ore drops into jaw rock-breakers g, and theW into 
trommels h; the undersize from this joins that from the first tronmeL 
The oversize is again picked on round picking tables i; lump ore and 

‘ 0. BldSneke, Utich.f. B. H. S. Sd.-Wnm. 1904, R p. 17. 
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into shoots, and the dressing ore goes to the 
.. Of® going to the lame trommel n* 

which receives the uTidersise from the«ppcr trommek The sizing plant 
TOnsiste of the fouruvraraels m, m!, m\ m^l \ small spitzkasten ».* 
rae material from the first trommel is jigged in three 4-c()ni|)artmcnt 
Jigs p, whilst that froiy the other three teomniels and the spitzkasten 
is^distribiited to ten S-compartment jigs (j and </. The clean prcalucts 
from^hese jigs is dropped into shoots r whence it is taken away in trars, 
whilst tjie middlings go to two pairs of rc-cnishing rolls s; the tailings 
fr^m all the jigs run down the lawt of an elevator t. which lifts them 
into the waste hopper u. TJie crashed middlings are lifted by the 
elevators v to a pair of trommels ir followed by spitzkasten the 
products of these arc jigged in the five sets of o-coinjairtinent jigs y, 
the clean ores from which are dropiicd into the shoots : and thence into 
cars. 

The overflow from all the three divisions now |msscs into the slimes 
washery B and runs into a series of large spitzkasten Oi, in wliich the 
slimes are deimsited and further thickened in the spitzkasten />,, the 
various spigots of which supjdy the four liartsch round shaking tables 
(see page 371) and the three Liihrig licit vanners (/,. The middlings 
from these 7 machines ran to the spitzkasten <>' and are dressed on 
the tlirec Bartsch tables/, and the three Liihrig vanners y,, the middlings 
from which collected in No. I arc finally dressed again on the Bartsch 
table 

This may lie looked nism iis a tyiiical modem plant in which the 
principle of grarhial reduction is well carried out, but in which the ore 
is so granular as to form but little slimes; as a rule the slimes washery 
is larger in proportion to the rest of the dressing works than is the case 
in this instance. 

Zinc ore*. The treatment of blende, in its moat general mode of 
occurrence, has just been considered. When an ore contains little or 
no lead ore with the blende, it is dressed just as a lead ore would be. 
Difficulties arise at times owing to the comiiarativcly low siiecific gravity 
of zinc blende, on iuz;onnt of which it is difficult to aeimrate from barytes, 
or from sjiathic iron ore, or from iron pyrites. Moat of the first-named 
can Hsimfly be got rid of by careful picking. Die seiiaration feonno 
spathic iron ore is usually [lerformed magnetically, either by lightly 
roasting the ore and removing the magnetic oxide of iron thus formed 
by some form of maimetic concefitrator for mineralif of hiah magnetic^: 


^raste is again thrown 
•coarse-crushing ladls I, 
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jsoBceptibility, or by treating it dry but unroasted by the Weth^^J 
^process or some Sihalogous machine ,*80 as to remote the spathic iropr 
ore, whiclf though of low magnetic susceptibility, ft yet more magnetic 
^than most sine blende. A very ferruginous bl^pide is however often 
found to Ikj so magnetic that this latter method canpot be employed, 
and then the fonner one mjist Ixj used. ^ • 

Again zinc blende has often to be separated from iron pyrites; tliis 
is also <lone magnetically, a very dark femigiuoiis blende being jiffen 
more magnetic than the iron pyrites, when the Wetherill macliine can 
be applitvl with advantage. When the blende is not sufficiently magnefic, 
the mixture may be very lightly roasted, so as to convert the iron 
pyrites into magnetic pyrites, or else it may bo more strongly roasted 
so as to convert the iron pyrites into magnetic oxide and the bulk of' 
the zinc sulphide into oxide; in either case the magnetised iron mineral 
can l)c scittirated readily by magnetic means from the ore of zinc. It 
is pro|)er to observe that both si»athic iron ore and iron pyrites are 
injurious in the metallurgical treatment of zinc ores. 

tialamine often oecni’s in a very tough clay and then needs washing, 
exactly as in the corresponding case of brown haematite. 

The ])rol)lcm, already referred to, of separating very finely dis¬ 
seminated and intimately intermixed blende and galena, such as occurs 
in the Broken Hill district of New South Wales is a highly difficult one, 
and in this case it is further complicated by the presence of rhodonite, 
garnet, etc. Wet concentration and magnetic concentration in various 
fonns have been tried without success; at present better results seem 
to l)e attained by the use of flotation processes, but it cannot yet be 
said that a definite solution has been reached. 

^ Tin ores. Alluvial tin ores usually need merely washing in an 
ordinary trough or tyc; owing to the great weight of the tinstone and 
its welt marked grenular form it is very easily concentrated practically 
without loss. 

Tin ore occurring in veinstuff presents on the contrary one of the 
most difficult itroblems with which the ore-dresser is called upon to 
deal The gangue is usually quartz, felspar, fluorspar, and other similar 
minerals together with iron, copper and arsenical pyrites, and very 
«nften wolfram, whilst all these minerals occur minutely disSemiuated, 
the tinstone forming perhaps 1 per cent of the whole mass. 

The old Cornish method was somewhat as follows: the ore from the 

^ntine is tipped frrtn a high trestle on'to floors or “ slides,” where it was 
w- • ♦ • 
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sutenitted flret^ “ ragging ” or breaking with slcdge-hammcni, and then 
Jto “spalling” or tweaking down^o about 3 inch cplfesf any pieces of* 
copper ore, or of clean wolfram, or of barren waste, arc neat picked 
out, and the tin ore is wheeled to the stamps; it is tipped into 
the “^iss” behind the stam\>8 and by tlic aid of a strt^pm of water 
is carrie<hdown into the cofers of the stanijis and is there stamiicd fine, 
until it passes througlf the grates, which are generally puncheil with 
Ifl holes to the sipiare inch. The ]mlp flowing from the stamps is 
usuafty settled in “striiis ’ '20 to :w» feet long, 1» inches wide and 
Ifh inches deep, set at a sloitd of alanit 1 in 30, there being 3 strips 
to each battery box. In each strip, the “heads” settle first, then the 
“erases” or middlings, and lihit the “tails,” some slimes etc. escaping. 
TBb material thus obtained is huddled, each class by itself, on ordinary 
convex round buddies; the tails are shovelled out and carried to 
waste, the middlings arc huddled over again, and the heads are 
furthbr cleaned cither on a concave huddle or sometimes on a knife 
huddle. Tlie heads are next “tossed” in a kieve, and in this 
stage are known as “whits.” The whits are next calcined, a rotating 
automatic calcining furnace lieing usually employed. I wo tyiK’s arc 
in favour in Cornwall, namely HrunUui s furnace, circular in form, 
rev(dviug about a vertical axis, and O.vland and llocking's, tuhular 
in form revolving ahout an axis slightly inclined to the horizontal. 
The object in cither case is the decomimsitiou of the arsenical and 
iron pyrites present, the sulphurous acid and ai'seuious acid passing ott, 
the latter to he deposited and collected in .siwcial flues and chauda-rs. 
.\ny wpjs’r present is converted into soluble sulphate which is leached 
out and precipitated by scrap iron. The iron ])rescnt in the jij rites is 
converted into peroxide in a isirons form in which it is easily washed 
away. The calcined whits are therefore agiiin huddled and toasc(^ 
sometimes two or three times over, until the ]>roduct now known m 
“ black tin” is sufliciently clean for the smelter. If this black tin 
' contains wollram it can l)e cleaned by Oxlaud’s process which cousista 
in fhsii'.g it v .!ii black-ash (crude carljonatc of soda) in a flat-l)ottomcd 
reverberatory furnace. Tlie oxide of tin is hut little attacked, hut the 
wolfram is decomposed, fonning soluble sodic tungstate and sixmgy 
ferric oxide which is easily waslicd away. The final result is thus blwk 
tin containing not more than 5 per cent of impurity. The slimes esca^i^ 
at every stage of this process are run over tables or frames of various 
kinds, the self-acting Cornish frame lieiug largely used. Any concen- 
trates thus saved are cleaned by.the same methods.as are applied to 
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tile coarser giuu. ^ uuiiomc.dble proportion of fine'slimed tin 0»f, 
escapes eren ^.hls’^rtiier operation^ ajid some ofsit^is often cang^ 
on large canvas tables. ^ 

Tlic old process Mias slow, cumbersome, expensive and wasteful, and 
has now been to a gi’diit extent abandoned, 'fv'orks have been built , 
identical in principle with those described above for treating copper 
ores. Tims a jilaiit built by Messrs Finiscr and OKklmciw, Ltd. ^ir treating 
a coarse-grained comjiarativcly pure tin ore is shewn in Fig. 4H; 
it consisted of a Blake rock-breaker lo inches by 9 inches br&king 
to inches. The broken ore goes to* a trommel with IJ inch per¬ 
forations, the oversize going to a 10 incli’by 7 inch rock-breakcr, and 
the undersize to a pair of HO inch by !6 inch roughing rolls, which 
crush the ore to alsmt 3 inch, 'lliis crushed ore goes to a trorniBel 
with 5 inch holes, the oversize being further crushed in a jiair of 
28 inch by lo inch rolls, whilst the undersize together with the re¬ 
crushed material goes to the sizing trommels, of which there are 
two sets of three with resjiectivcly j inch, j inch and J inch per¬ 
forations. The oversize from the first pair of tromniels goes to a 
pair of 2-coni]»irtment jigs, from the second jiair to a pair of H-com- 
jiartmeiit and from the last jiair of trommels to a pair of 4-com- 
partmeut Jigs, all the mill liclow the crushing rolls lieing built in 
two identical divisions. Only the tailings of the first pair of jigs are 
clean enough to lie run to waste, all the others arc re-crushed in a jiair 
of Huntingdon mills, whilst the concentrates arc clean enough for 
metallurgical treatment. 

The undersize from the last trommel goes tii a spitzkasten, the spigot 
delivering to a t-comjiartment jig, and the oveifiow to other classifiers, 
which supply two more 4-comjiartmcnt jigs, the tailings from the jigs 
going in every case to the Huntingdon milk Tlie re-cnished material 
^les to a large spitzkasten, the fiiwt sjiigot feeding two other 4-comjiart- 
ment jigs, and the remainder going to Frue vamiers. Settling pits are 
provided for catching any heavy material that may cscajie with the 
tailings. 

This mill was intended to treat 2.i tons of ore jier hour, with a^iower 
cunsunijitiun of 127 I.H.P. 

In some modern Cornish plants machinery of a more scientific type 
Ji8§. al 80 been uitroduced. Thus in one case* Californian stetops are 
used, running at 85 to 90 drops per minute, the screens being No. 37 

* TV-as*. /list M. “On Onishiiig and Cnncentratiun at llolcoath Mine, Ceni- 
wsll,” by R. A. Thom*, VoL vn. 18W, p I75.» 
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^bole panched ^per sheete. Hie sttmips cnwh at the rate of 1 } torn 
fer 24'hoar8. '^j^ulp goes to 27 Frue Tanners, the loribentrates from 
which go to the cakiners and are tljcn ftirther washed. Tlie tailings 
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Fig. 411. Tin drewng idsiiL 

*• 

nm to classifiers, the coarser portion lieing submitted to concentration 
and re-grinding, the finer being conccntrateil on revolving Kara tables. 
In some cases the coarser iwrlions of the crushed tin stuff is being 
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treated on high speed jigs, and the finer portions on tablfte of the Wilflej 
type, vamiers and rpvolving tables. , 

As an (example of a modem plant, one recently,erected in Cornwall*^ 
and shewn in Fig. 412 may l)e quoted. The bulk of the ore to 
l)e treated is tijqKid ofi to a jmir of grizzlies ’wfth bars spaced two 
inches apart, the oversize going to a l.'i inch by 10 in^ *6lake- 
Marsdon rock-breaker, the broken stuff falling iftto the same*hopper as 
the undersize from the grizzlies. The broken ore is fed by Challei^e 
feeders into the four Iwxes of a l)attery of 20 Californian stamp®, with 
800 lbs. heads, making !ir> drops jwr niiuutc, and using No. 25 m^sh 
gun-metal woven wire scrcena Tlie remainder of the ore is screened 
on a shaking screen, the oversize bnfeen in a 12 inch by 8 inch 
rock-breaker, whence it passes to a ])air of rolls 28 inches in diam^r 
by 12 inches face, and tlience to a No. 6 Krapp bill mill which 
crushes it to a 80 mesh screen. The jmlp from tlie stamps and 
Irnll mill traverses three spitzlnttcn, two with three eomprtmcnts and 
the third with two eonqiartments. These eight spigots feed eight Buss 
tables (see )). 8()(i) whilst the overflow goes to a large spitzkasten in 
10 comiiartmcnts, all of ecpial size, the area of the toj) being 50 feet by 
0 feet, and the dc|)th 5 feet (i inches. The spigots of six of these com¬ 
partments feed in (mirs three distributing b)xes, wiiich supply three 
double Liihrig vanners. The remaining four comiiartments feed a 
fourth pair of Liihrig vanners. The overflow from this large spitzkasten 
* and the tailings from the tables and vannei's is collected in a similar 
spitzkasten but only in eight compartments, and thus 40 feet long, 
0 feet wide and 5 feet 0 inches deep. The middlings from the machines 
arc re-crushed in a wet ball mill and dressed on a pair of Liihng 
vanners. The concentrates from the Buss tables go direct to the 
calciner which apiicars to k' of the old-iashioncd Brunton type. The 
"Concentrates from the vanners are calcined separately, the light oxide 
of iron formed by the calcination is washed out on ordinary old-fashioned 
Cornish kiddles, and the cleaned concentrates are dried. (Mr Dietsch 
points out that this huddling is not a deshnble feature, but is adopted 
\KS5i®»R <S!R. viv'iw'e.xvAw. \8 wut aWc to deal mth all the 

concentrates pnshiced.) The dry products go to a Wetherill magnetic 
separator (see ji 4.10) of the cross belt type having four pairs of poles. The 
takes out magnetic o.xide of iron, the second other (^des with 
adhcrei it oxide of coiipcr, carrying at times up to 10 per cent, of copper, the 

' /ml. Mill. Mel., “The Troatinent of Tin, Wolfram and Coppet 
United Minos,” by K.WIictiioh, Vol. sv, nio.v, p. i. 
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jWrd oxide of ifcii and wolfram, and the fourth tolerably clean wollram. 
*016 to two produ^ need only tosjing in kieves Uf pnJdh’cd clean wolfram 
Mntaining 12-5 percent of WO,, 'fhe non-niagnetic portiftn w alao 
finished in tossing kieves and yields inerclmnkblc Uack tin containing 05 
, percent, of SnO,^ 'M ji^reentage of tungsticVid anil stannic oxide 
together m the crude ore is given ns 1IW iier^cenk and the joint recovery 
as fl7 per cent, eqnal'to a recovery of IHfti jier cent, of thi-se values, 
llw capacity of the ])lant is alxint KtO tons of crude ore |)er 24 hours, 
anil tllb working cost of Ircatinent is given as 2s. li Oi/. la-r ton divided as 
follpws: * • 

Labour • l.VDOi/. per ton. 

Coal 12'(i:t „ 

Stores and repairs 4'0/ „ 


Total :i2'lin(/. per ton. 

A modern plant for the treatment of tin ore in Devonshire is 
arranged as follows, the ore tieing iinartziKe and chloritic, containing 
15 to 2(t jier cent of arsenic as arsenical pyrites and :in to. :12 Ills, of 
black tin to tlic ton. The ore is broken in a rock-lireaker and fed to 
two HiislKind’s ])neumatic sianips. These crush 20 to 22 tons per head 
per 24 hours; they aie driven by electric motor, and consume alamt 
52 H.i'. when the shoes are new and 20 H.l’. when worn, the average 
power consunijition k'ing 2li H.l>. per head. They crush to H/ mesh 
Cornish, eipial to alsiih 2H holes to the linear inch. The pulp is sized 
in spitrkasten; the coarser spigots deliver onto 5 Hnss tables, and the 
fin' r to 2 Ijiihrig vanners. The overflow from this spitzkasten goes to 
a longer one that acts as a slime box, and delivers practically all the 
slimes to four concave revolving tables on the Harz prinei|ile (sec 
p. 326).* The middlings from the Hnss tables are re-cruslied and go to 
another Buss table. Tlie whole of the dressing plant takes alsmt^, 
10 H.P. and is driven cleetricdly. The concentrates consisting of 
arsenical pyrites, some iron pyrites and tinstone, are calcined on 2 
fifteen foot .irnnton calcitiers', the arsenious acid being collected in the 
usual system of fines. The burnt material is fed to a Wethcrill magnetic 
separatoi* of the cross-belt type, with two magnets (4 [Kiles) in order to 
take out most of the oxide of iron, which carries with it very little tin 
(about 5 lbs. of black tin to the ton). The residue is then puli)ed with 
water and •oncciitratcd on a Buss table; the slimes arc collected oit*» 
round Coniish biiddlc for further treatment; the middlings arc ground 
and concentrated on round Conush buddlea All the tinstone is finally 

' For a description of these see 7V« H&dbaik iif Metallurgy, Vhtmkel and Isiuia 
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cleaned by hand-tossing (see p. 253) and is then rea^for the market 
The total recdve^y*,of (in is said to J»e 90 per cent^of that present ij 
the crudesore. The whole plant js driven electrically, the current (100 
anijjires at 500 volt8)J)eing generated by a Campbell suction gas plant 

* * • ’ 

surer ores. It may be said that silver ores proper (argentite, * 
proiistite, pyrargyritc, etc.) are never tlie subject of dressing *)peration8. 
Tliey may be submitted to grinding in the arrastra as a preliniin^y 
to amalgiunation, or to dry-stiimping in the (!alifornian stamp t(iill as 
a preliminary to cliloridising, etc., bijt these operations arj; better 
looked upon as a portion of mebdliirgicat treatment, and as sucli ^ill 
Ih! fouiiil deseril)ed in text l)ookB treating of this subject*; at the same 
time it may be pointed out that many of the true silver ores are^so 
excessively brittle that they yield an excessive pr()])ortion of very flue 
slimes when pidverised, and hence such great losses would be incurred 
in any ordinary method of dressing as to render the operation ^(juite 
unprofitable. 

Argentiferous copper ores containing, e.g., grey copper ore, tetra- 
hedrite, etc., may at times be coiurentRited, but these ores, too, are very 
brittle and excessive losses would have to be carefully guarded against 
It is possible that the KImore vacuum ju’occss or some analogous 
])rocess may l)e eiu|)loyed with advantage in such cases. The general 
method would be like that described under the head of eo])per ores, but 
even greater care will have to be taken to re-treat middlings and 
tailings, the greater value of the material to lx; saved rendering this 
additional care economically admissible. 

Argentiferous lead ores and zinc ores are at times concentrated by , 
the methods descritK;d under lead and zinc ores; the clean separation 
cf lead and zinc ores fi'om each other is even more important when one 

other or Ixith are argentiferous than when they are poor in silver 
beeanse any imperfection in the seixiration—lairticularly the presence 
of any imtablc jiroixirtion of zinc in the dressed lead ore—will entail 
heavy losses of silver in the sul)se(pient metallurgical treatment. It is 
very often the case tlmt ores of suitable comiK)8ition are smelted direct 
without any previous concentration. 

Oold ores. Here again the dressing operations are so closely inter- 
wo ven with the metallurgical treatment that the subject is better dealt 
with by the metallurgist*, amalgamation Ixdng, strictly speaking, a metal- 

* See e.g. flandbwk of MfUdfuniy, SclniaWl and Ixkuin, Vol. i. 

^ See e.g, A Handbook of Gold Milling^ 11. Leuia. 
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lurgical operation. AHttvial depotite are trcawd by watdiing down in 
) coq^nt of w*at#r—which maj be obtaincty in* Ortons ways, the^ 
coarse pulp thus pnyluccd passing ovt>r grizr-lics to acimmtc the Iwidders 
and larger iiebblcs, and tlien traversing a serigs of long strakcs and 
labjTinths (known as*“in1(lcr-currents”) in wllleh the heavy imrticles 
of gold are alloSed to deistait. They are practically always eolU'ctcd 
by means*of mercury, Vliieh IbniiN with them a heavy amalgam easily 
separable from the pulp. The finest particles of gold or amalgam are 
occashmally caught on canvius tables. 

j For'gold ores, |iroia'rly a|i?'akiiig, fine crushing is always re(|uired. 

A tyiMcal small mill with ?0 heads of stamps is shewn in hig. 4l:i. 
The ore comes from the mifiC in cars, and is lip|asl over a gris/.ley 
.tewith bars l.l inches to l* inches a]KU't; the undersi/.c drops into the 
main bin li, whilst the ovcraize goes to the rockdweaker set to 
break down to about l.J inch cubes. The broken ore drops into the 
sam» bin H. whence it runs Ihnaigh a shoot into Challenge teeders 
f>, there being one to each battery of five stamps. Ihe crushed ore 
passes out of the battery Isixes A’ with water in the form of pulp, after, 
in manv ciises, the bulk of the free gold has been removed by amalga¬ 
mation itiside the lottery bo.\. The tree g<dd left in the pulp is caught 
bv str. aming over plates A’ of amalgamated copper II to 1:! teet long. 
Tlience the pulp Hows in launders down to the vanner room, where any 
inrites or heavy minerals present are concentrated on Krue vanners 
</', O'. These concentrates are submitted to further treatment for the 
rccovet. of any gold they contain, this laung a purely nmtallnrgical 
operation. Very often the entire j(roce.ss of concentration is disiKUised 
with, and the tailings (se|Kirated sometimes by spitzkiistcn into .sanils and 
slimes^ are treated inetiillurgitally, e.g. by the cyanide process, 

.Such a .iO stamp mill will treat from .'lU to KM) toTis of ore jk-T^ 
‘M hours, with II or 1 men per shift. The horse-|M)wer retpiired will be 
about (III H.P. Such a stiinip mill complete with buildings, engine and 
boileis woul I coat from CioOtl to .t;:i.')00 according to circumstances. It 
is generally preferable to work the rock-breaker by an inde]tendent 
engine, and in larger mills a separate engine is employed to drive the 
Frue vanner countershafts. 

A (10 stamp mill for a gold mine in Tasmania laid out <m somewhat 
similar liiips, but rather more elaborate, is shewn in Fig. 414; the^gB, 
Ciirs are tipped into bins, from the laittom of which an oscillating 
feeding tray discharges the ore into dates rock-breakers, there 
being three of these in the railli the broken stuff fells into tliree 

34-2 
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storage bins, Iram which it is fed to the stamA by ant/matic feeders; 
bach*bin supplies *four batteriessor 20 stain|)s« After j)a88iiig over the 
usual amalganiatinl tables, the pulpA’om each group of 20 >ftaiii|>s runs 
into spitskasten; tlij spjgots from the three spitzkasteii supply pulp 
to 2aLiihrig vagncrs arranged in pairs, back to back, and the overflow 
from th^flrst three ^ocs to a second grcwp of three spitzkasten which 
wpply other 20 Lulirig vanners. It is obvious that this elalairato 
dressing plant could only l)c justified when the coueentrates aii; rich 
in go*!^. 

• Tlio genenil arrangemejit illustrated above in Fig. 4IK is perhaps 
the T)est for small mills, and large mills are frcipieiitly built on e.vaetly 
the same plan, cousisting of a series of from 2 to 10 units such as tlio 
aT)ove. Very large mills of 00 stamps and more are often built in 
two lines, back ti> Iwck, as shewn by the transverse section, Fig. 41,')', 
which shews the arrangement of a 120 head mill worked by stuiiii 
po\fer. This arrangement is a favourite one in the Witwatersniud 
district, where it is usual, however, to place the rock-breakers in a 
sejmrate building, in which the ore is broken and sorted, this ladug 
'the better arrangement for large mills. Very small mills used for 
prospecting or in the preliminary stages of opening up a mine may l)e 
equipped with a Huntingdon mill or Tremain .steam stamps instetul of 
the Californian stanqis which are always emidoyed for regular gold 
milling. When it is not intended to amalgamate the ore, but to 
treat it by cbemico-metallurgical methods, comminution is sometimes 
performed by rrdls (tr ball mills, firllowed in case ot need by tube mills. 


, .Sai.ts. , 

Very many salts, such as Chili nitre, common salt, some of the 
Stassfurth salts, etc., are purified by dissolving in water, and eva|H)mlifig 
or crvstallising the clarified stdution. 'Ihese are ot the natuie of 
(Chemical o|)crations and will not Iw dealt with here. I )ther sidts, e.g. 
gypsum and fluorspar are ])re|(ared for the market by simple hand¬ 
picking! Among the few .salts to which true methods of dressing are 
applied may be mentioned liarvtes and aiiatite. In the trarle the term 
barytes is applied, not only to the sulphate of Imryta, lait idso to toe 
carbonate, the mineralogicid name for the latter, witherite, notJjeiijg 
used. Both these minerals—which often occur together—arc dressed 
by toe methods used for lead ores, which the high specific gi'avity of 

1 Tram. Amer. Imt.Jli*Eng. Vol. xvn. IS«8-?I», p. 498. 





































































tlic coiiipoiinilrt of l)iirvt!i reiKlers entirely ti|)plieal)le. rHually tlie^ 
sulpliate and ciirljonate of lairytji are aeparated from eacli other an 
completely an jK>twil))e by hand-i)iekin){, and then i»eh mineral ia 
dressed by itself. The enide mineiid after breakiii)' in a rock-breaker 
is hand-picked over a grizzley where lump mineral is picked out as 
compiclely as possible; the remainder goes to rough and line rolls, is 
sized in trommels and each size jigged in a fonr-comimrtmcnt Harz jig; 
any galena that may l)c present will lie found in the first compartment, 
and thi^and the second compartment give clean Imrytes, the ipmnd 
and third comimrtments give material for re-crushing, and the toilings 
arc usually not worth further treatment The undersize fn)m the 
trommels goes to a small cl^ifiJr and theiiM usually to settling pits, 








ooo me unemng oj.minefw* 

the material fAjm these being treated on buddies or simitar appliances. 
The plants arcToi* flic most part sm^l; th«f drcsseid, mineral is^fto# 
finely ground before it is sent tp market. It ismsually dressed to 
contain from "S to 90 per cent of the pure mineral, the selected lumps 
cofttaining up to 9(t per Cent 

A good example of a plapt for dressing pliospliate of lime jS a plant 
erected in Helgiuiu by the Humboldt Engineering Co. and shewn in 
Fig. 410. Tlic crude material is a soft earthy phosphate of lime, mixe? 
with soft chalk and numerous flints. The crude mineral is tipped ifom a 
tippler A on to a screen B of the Briart tyjie with bars inches apart. 
The oversiiie falls down a shoot, where the larger flints are picked*out, 
to a rock-breaker C. The midei'size and^’the broken material [lass to 
three disintegrators D,, D„ D,,, which reduce the ore to j inch, every¬ 
thing exce|)t the flints being ground to fine powder. The latter is mixed 
with water to a pulp, and lifted by an elevator wheel E ; from this 
[Hiint the works are divided into two eipial units, one on the right,*the 
other on the left. The pul]i goes to trommels F with inch mesh, the 
oversize from which is looked iiism as waste and is removed. The 
undersize jiasses through tlie trough classifier O, the s|(igots of which 
siijiply 10 rows of three-eomiiartment jigs, H, on either side; the tailings 
are elevated by centrifiigid pumps, K, and flow to waste. The three 
com[)iirtments make each a seiairate grade of phoH))hate, each of which 
is elevated by one of the three wheels L,, L,, L,, which serve both sides 
of the mill, and flows through launders into twelve settling pits M,, 
M., M„ there being six pits for the first grade, three for the second, 
and three for the third. 

The overH(tw from the trough classifiers O flows to spitzkasten J,, Jj, 
the spigots siipidying Einkenbaeh tables N,—the products from the 
first spigots goiTig to tables 2:i feet in diametor, and from the others to 
tiibles 2(1 feet in diameter. These tables make three classes of product, 
each of which is lifted by its own elevating wheel, 0,—0„ into launders 
which dei)osit it in the settling pits P„ P.,, P,. The tailings from these 
tables are also got rid of by the centrifugal pumps K,, K,. 

Tlic overflow from all the settling pits flows to a pump <} which 
sends it to two a]ritzkasten R,, Rj, each with one spigot, supplying the 
two 2:1 feet Linkenhieh tables N„ N„ making ptoducts which are 
8cttl<jd in the pita S,, S„ The tailings from the Einkenbaeh tabfes flow 
to the waste pum{)s K„ BE, and the overflow from the last settling pits 
also runs to waste. The deiwsits in all the pits are allowed to settle 
firmly, are dug out aaid dried, and thenTorm finished products, containing 
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40 to SO per'^nt of tribasic calcic phosphite, which is about double 
the percentage Ceiitained in tlif crude niinenil. .’Mit^plant can treat 
250 tons of crudcmaterial in Id hjurs and requires alsmblOd H.r. to 
work it. 

I * # 

^odules of ^Aosfliate of lime often (aTui*in lough clay and then 
require^crely washing in a log-washer oy<omc analogous ap])liance. 

ili’lMS. 

'ftip great majority of gmiis occur in alluvial deposits from which 
€iey are recovered by screening and washing, usually by hand, followed 
by careful hand-i)icking. The washing is often ]K'rforined oti a crude 
hand-sieve. ^ 

As an exanqde of the systematic dressing of gems, the treatment of 
diamondiferous “blue-ground" in South .\frica may la- ipioted. The 
rock is exposeil to the effects of air and moisture until it is weathered 
or^isintegrated. This is then elevated and tipiasl into an iron shoot 
whence it is washed by jets of muddy water into trommels with about 
1-inch mesh; the oversize, known as “lumps ’ or "cylinder-lumps," is 
retunicd to the depositing flooi's for further weathering. The pulp 
passes at the rate of dd to 4d tons of dry material per hour, into washing 
pans (see p. 251), where the heavier portions are deposited, the tailings 
passing into another pan so as to catch any valnahle material that may 
have escatsal. The tailings are elevated on to heaps, so arranged that 
the greater part of the water in them drains hack and is used over again 
for washing down the crude material, the se|»u'ation la'ing more 
effectual in muddy than in clean water. The iieavy material deirosited 
in the pans is drawn off at intervals into locked trucks, and is conveyed 
to the pid«itor plant; it now amounts to less than I iwr eent. by v<dume 
of the original material. In the pulsator huilding it passes through a 
Qompound trommel with holes of J inch, |j, inch, } inch and i inch in 
diameter. The liicrsize fi'om the trommels dro|)s on to a sorting table 
»where any diamonds ju'esent are picked out bach size is Jiggwl 
separately in a Bingle-coini)artment Harz jig, the k'd ladug fonneil of 
(jleaden bullets. The tailings run to wasto, and the contents of tlie hutches 
are sorted by hand. For the finer sizes a shaking table covcrtsl with 
a thick grease, to which diamonds adhere, is often emphtyed. ttf the 
rnaten* sent to the pulsator, tth i)cr cent is larger than J iimh and 
forms the oversize of the trommels, 8 {)er cent forms hutchwork in the 
jigs, and 59 ijer cent forms jig tailings. The concentrated material has 
to be repeatedly sorted, so as to ftrevent loss of diiwKUids, 
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Abrasion, definition of term, 109 
AccoBKory npiihanctH, 450 
Aerial tramwayH, 457 
Aukn, H. 8.. (iiiotod, 217, 219. 222, 223 
AijLkk ani» Co., IIhoah, wct-cru»hing ball 
mill, 200 

Aj.iiKNTowN roirNiniY Company, Pennaylvania, 
double loR-washor, 101 
AnijH-CiiAi.MKiis Co., Ayton Intermittent 
Extractor, 234; cylindrical trommel, 61 
Alum steam Htainp, IKH 
AmpHin coal washer, 247 
Andiik, S. S., quoted, 131 
Anthracite coal, dressinj^ of, 500; BcrecDs 
for, 80, 40, 53 
Anti'broakat^e screen, 42 
Apatite, dressing of, 5.H3 
AitoAM,, Philip, quoted, 141, 113, 150 
Akmitaok, H. K.. quottnl, 213 
ArraNlras, 203; improved form, 209 
Axsay laboratories, 478 
Attrition, ciushiug machines working by, 
2l)H 

Australian stamps, 174 
Ayton, H., quoted, 17, 91, 92 
Ayton Intermittent Extractor for spitz- 
kaslen, 284 

Bach, —, quoted, 108 

Ball, C. M., quoted, 402 

Ball magnetic separator, 404; steam stump, 

' 186 

Ball mills, 19G; Berruiis, 199; Grbndal, 
197, 199; Grusonwcrk, 196; theory of 
action, 208 

Ball-Nohton magnetic Roparator, belt type, 
• 4|)5, 501; Monarch, 402 
Baktlktt Simplex Concentrator, 870 
Barxkch rock-breuker, 121; table, 371 
Barytes, dressing of, 588 
Bashes, 266 
Badu jigs, 290 
Bavay, —, quoted, 445 
Bkaumont, W., quoted, 49 
B&ll and Bambay trough washer, 806 
Belt-tigbtcner, Australian stamps, 174 
Bbrakd, M., quoted, 258 
Bethune screen, 88 
fiiLBARz, 0., quoted, 267, 272 
BiLQARiyigs. 267; circular jig, 272 
Biliiarz^tbin bumping table, 861 
Bins for Btotf^;e of mineral, 459; oonstme* 
tion, 461; gates for, 460 
Bibxtnbinb, J., quoted, 406 
Bucebtt and Palmer, qtoted, 811 


Blackktt Irougn wasiier, on - 

Blalk-Maiwokn levermiotion rock-breaker, 
118» • 

Blank Minino and Milling Company, quote* 
440 • • 

Blakk-Mouscher electrical separator, 440; 
cost,'442 

Blake rock-breaker, 118 • 

Blanket strakes, 311 
Blanton cuniH, stamps, 172 
Booth combination rock-breaker, 121 
Boiuimann and Emde screen, 32 
Boki.ask biiddle, 2fl9 • 

Bowes, Hcott and Whstern, Ltd., ball ftiill, 
197; conical trommel, 61; &om rolls, 
13H; iimrtar for stamps, 167 
Box buddle, 293 
Buadlky Chilian mill, 209 
Bualn jig fur laboratory tests, 290 
Breaking, 6 

Bkemnkb, —, quoted, 182 
Briakt, Alphonse, quoted, 24 
Buiaut screen, 24 
Biuno, (iusT. G., quoted, 259 
Briquetting, fine coal, 500; iron-ores, 509 
Browne hydrometric classifier, 240 
Brunton's cloth, 323; vanners and, 823, 
338 

Bryan roller-mill, 209 

Buchanan magnetic separator, 400 

Bucket conveyors, 464; elevators, 467; 

horse-power, calculation, 470 
Buckiiig-iroiis, 111 ^ 

Buddies, Borlase, 299; box, 293; concave, 
298 ; convex, 295, 297; ring, 298; round, 
295 

Bumping screens, with horizontal motion, 
iH6; with vertical motion, 35 
Bumping tables, 345; application to coal 
washing, 350; Bartlett simplex concen¬ 
trator, 370; Bilharz-Stein, 861; Buss, 
366; Cammott, 370; Craig, 855; data 
concerning, 34K; Ferraris, 868; Gilpin 
County, 349; Halley, 348; Lfihrif vanner, 
361; Luhrig vanning table, 866; Over- 
Strom, 870; llittinger continuoos, 356; 
Salzburg, 845; Schemnitz or Hungarian, 
847; Wilfley, 363, 865; Wilfley sUme, 368 
Bumping-tray feeders, 474 
Burred screens, 16 
Buss table, 366 

Calamine, dressing of, 524 
CI§lifomian stamps, 164 
Callow screen, 75 
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Calumet clasBigen 337 

CAMMfTT table, 37 (r 
Campbell coal-tvasR€f *350 I 

172 ; Californian stainpB, 
170 ; ComiBh Btamps, development of ui- 
Tolule, 158 

Canvas table?, 313 * 

CABabi dieint^'gratoL ‘205 
Cattermoie, (jubwa, 145 
ChallcDRe feeder, 175, 17(‘^ 474 
Chambers screen, 30; swinKinp-trav for coal 
• picking belts, 97 
Ceahk magnetic separator, 114 
Chat# or middlings, 277 
Cbemic|l piojvrties, dresHing jirocesses de* 
• pendent on, 7 

Cn|ETi:ii AM) Co.. Ltd., Kdw wou 105 
Chilian mili, 209 * 

CuRKMiN-SuNsriKi.D fioiicerilnitor, ^M4 
Classilieis, 231; Caliniiet oi Hi<diai<lsT'(»ggin, 
*237: Colorado. 243 . Hancock, 241; .laco- 
ineti y imd Lonniues, 230, Kichurds sliallow • 
pocket, 240 

Coal, dressing of, 2, 3; jmeumatic, Hoeh- 
stiaates apjmratus foi, 370 ; typical plants 
41)3 

—, line, biiijuetting, 500 
—, picking of, Ko. belts for, HH; tables 
for, 84 

screening of, 20; coiiveyoi scieons, Mi; 
Coxe scieeiiK, 53; gn/zbes. design, lH; 
jigging screens, angle, 3‘»; Klein scieeii, 10 
—, trmispoit of, eiti‘|)ers lor, 41*3 
— «vslimg of, 4; Ampsin wusbei, 247 ; 
Itell and itamsiiv waslier, 30(1; lllacketl 
waslier, id]; Canipla'll wasber, 3.50; 
Coppi' plant, .500; ('raig talile, 3.55; 
Elliott washer, .'WO, I'.Ml; IJumboldt plant, 
5(Kl; ’'ihrig plant, 4'.ty; Murtoii washer, 
30‘l. .{otiiiiKoii v.astiei. 2^. 4'.is; Sheppard 
.»nd .Sons’ plant, 4'JH; tiougb washers, 
ai)3 

-, jigTH for, 258 ; Mamii. 290; felspar 

washers, 204, 209, 285; nnt-washers, 280 ; 
single eoiupaiuuent, 277, 2KO 
Coarae breaking. 109 
Cobbing, 111 

Cofer, Cornish stamps, 100 
CoofliN, F. (j.. ipioled, IhO 
Colliery heE.mteads, 493 
CoLiow jigs, 280 
Colo»a>lo cla' *5 t, 243 
^LouvDo luo;c Works Co,. Denver, shaking 
table, 349 

Comet rock-breaker, 125 
CoMMASK, 11. s., quoted, 201, 2Hl 
Comniiffbtion. 0, 107 
Concave shnie tables, 330 
Concentration woi ks, geiiei al construction .479 
CoNEUN'o jig, 273; magnetic wi/arator, 
404, il2 

ConveyWe of pulp. 470 
Conveyor screenB for coal, 40 
Conveyors, 461; bucket, 464: coal-picking, 
80; Jeffrey Century, 464; trough, 465, 
466; Zimmer. 465 

Cook, Sons ani> Co.. Ltd., colliery heapste*!, 
493; picking belts. 91. 95 


CooK'a tumbler, 458 
CoppL ooabwashii^ pla^t. 600 
Copper, native, dVeasifig plant for, 610 
Copper-ores, dressing of, 610; Kimore 
• vacuum process for, 44i;;*ig8 for, *269, 
288; aorlinc doors, 78; pyrilic, dreiaing 
plant for. ^11 
Conush lolls, l:ii 
COTTKRII.J,, —, quoted, 216 
Ctjrijs^ AM) Co., Ltd., eoal-pickiug belt, 
diw’harging device. 97; colliery heap- 
stead, 493; jigging screen, 38 
C<»xE. Ki ki-kv It., quoted, 26, 52 
Co\K wreeii, 2*» 

g>valmg serein. .52 
Ciuio table. .35.5 
CuANK, \Y. S , quoted, 388 
('re,'})ers. 463 

Criokbuotii washing troinniel, 105 
Cross-belt magpelic separator, llowand* 
Wetlienll, 130 

Cnisliing. ciMirs*', 109; defimtion of term, 
107 : line, 15.5 ; gradual reduction, 229, 
4 h 2. 515; niediuin, 126; separation by 
specilie giavity iitltl, diOleiilties, 228 
Crnsliitig plant, Hiiangeiiient, 119, 15(1, 1.5H ; 
sepaiiito motors reqiiiied, 490; site of, 
4K7 

Cyelone puheiiser, 207 
Cyelops mill, 196 


Damdsin, ■ . qnoU-d. 2(H), 202. 204 
Deads, reireutnuiil of, 8 
I>«’l)ourl)age or washing, KHI 
Dei.Miat, li. D., quoteil. 44.5 
Diam.r Ksoimckicino WoliKH, Caminutt table, 
371: crnsliiiig rolls, 140, 145 
Diawoinliferoiis dcjsisits, diessiiig, 3 
Diiimoiids, (liessiiig jilant for. .537; oil-sepa- 
lutioii proctms applied to, 444 ; rotary 
waslier, 251 

l)iK'i/.KeH, F.. qiioM'd, 36H, .528 
Disodkv jiulverisei, 194 * 

Dino's magnetic separator, 399 
Disintegiators, 205; (oirr’s, 205; cost, 207; 

hlurtevant null, 207 
Doih.e roek-bieaker. 120 
Dolly-tub wasliet, 253; nieebanical, 25.5 
Dor, M., quoted, 247 • * 

Don.iAs, .Iamkh, quoted, 37.5 
Dressing works, building inatoriala, 488; 
design of, 4H4; foundatioiis for btuldingi, 
4H8; gcnoial coiisiniciion, 479; general 
principles, 481; lighting, 488; motive 
power, 489; power transniissiori, 490; aite, 
479; typieal, 493; warming of, 488; water 
power, 490; water supply, 489 
Drum washers, 106; iron-ores, arrangement 
of plant, 502 
Dry blowing, 376 
Dryers. 476 

Dl’bseord and \V«buai.d‘h •creen ,^2 

Economic considerationa of separation, 230 
Edison, T. A., quoted, 406, 439 
Edison magnetic separator, 406; roUi, ISl, 
IW * 
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Ekhan-Mabruak ma^etio separator, 421 
Electric power, drains; works, 489, 491 
Electrical separatioli, *7,* 440; separators, 
Blake-Morocher, 440 * 

Elevators, 46^^ • 

Elliott coal-washery, 496; trougfi washer, 
806 * 

Elmohe, —, quoted, 445 * 

Elmokk oil-separation process, 442; vacuum 
prucesH, 446, 515, 580 • 

Embury vanner, 842 
English avatera of jigging, 257 
Eqaal-fallliig particles, formulas relating to, 
220 

Equivalent sphere of sereeiiK, 12 
Kuikhson magnetic separator, 417 
Evarh sliuie tables, 829 
Everson, Cauuie J., quoted, 442 

Falling bodies, equal-falling })artieleK, 220; 
fonnulas relating to fall in Hauls, 2l(i; 
gravity and. formulas relating to, 215; 
hindered falling, 221 ; upward currents 
and, 22H 

Fabauay, —, quoted, HH5 
Feeders, 472; automatic, stamps, 175; Clial- 
lenge, 475 ; reciprocating tray, 478; roller, 
476; shaking or bumping tray, 474; Tul- 
loch, 474 

Felspar, action in jigs, 264 
Felspar washers, 2(;4, 2K5; movable sieve 
type, 269; single comparlmenl, 2s5 
Ferguhon, H. T., quoted, 181, 828 
Fbhbahi conveying screen, 46 
Friirarw, E., quoted, 262, 825 
Fehraius ball mill, 19!>, 200; bolt, 824; 

magnetic separator, 400, 401; table, 868 
Feurier, It. M.. quoted, 57 
Fine crushing, 155; choke-feeding, 151 
Fischer, Hkkmann, quoted, 208, 204 
Flotation separation pioccsses, ^4 
Fluids, falling bodies in, formulas relating 
to, 216 

Forhurkn magnetic separator, 419 
Forstkb, T. E., quoted, 17, 91, 92 
Fohntkh rook breaker, 121 
Foster, Sir C, Ije Nevk, quoted, 286 
Frames, horizontal current separalors, 814; 

capacity, 816; self-acting, 319 
sFi^hkr and Chalmers, Ltd., Allis steam 
stamp, 189; Blanton cam, 172; Browne 
Hydromettic classifier, 240; Callow screen, 
75; Challenge feeder, 475; dressing plant 
for native copper, 511; dressing plant for 
tin 016,526; Embrcy vanner, 346; Evans 
slime table, 329 ; line crushing rolls, 138; 
Frue vanner, 840; gyrating rock-hreaker, 
125; revolving picking table, 81; spitz* 
kaaten, 234; three-compartment jig, 281 
FRdDiNo magnetic separator, 412 
Frue vanner, 338; action of indiarubber 
belt, 444 ; capacity and cost, 342 
Fuels, dr^amg of, 3; typical plants for, 493 
—, list %!, 8 

Galena, argentiferous, drassing*plant for, 518 
dressing of, 616 

Oas*engineg for dressing %orks, 491 


Gates fin| crusher, 129; gyrating rook*- 
breaker, 123 • ■, 

G|ms, dreifking of, 9 , •4^537 
Gillon, AuOm quotjjd, 54 
Gilpin County concentrator, 349 
Gilt Edge concentrator, 349 
Gold ores, ^lanl^fstrakes for, 311; canvai^ 
tables for, 81*; Chilian mill for^,2094 
dressing of, 2, H; tiril crushing pans for;, 
218; Halley table for, 849; piling table, 
h 6; sorting d^or, 78; stamp mills, 531; 
typical plants for dressing, 580 
Golden Gate concentrator, 849 
Gradual reduction, 229, 482. 515 . 

Graham, Morton and Co., Ltd., buck* con- 
veyftr, 464 * 

Gravity/ falling bodies and, formulas relating 
to,‘il5* • 

Gritfik mill. 195; ore-mill, 209 
Giuzl^ screens, 18 

Griindal, quoted, 428 • 

Grondal ball mill, 197; magnetic separators, 
897, 421, 507, 508, magnetic slime-box, 
428, 509 

GitrsoNwiouK, Frim*. Kriuu- a. G., ball mill, 
196; Billiarz jigs, 268; Eriksson magnetic 
separator, 417; Ferraris table, 868; rtirs- 
gren magnetic separator, 420; iron spitz* 
hitte, 248; three-compartment jig, 281; 
tube mill, 200 
Gyrating rock-breakers, 122 
Gyrating screens, 35, 48 

Hadkiklii and Jack's roek-broaker, 116 
Hadfield's Htkel Foundry Co,, Ltd., Hecla 
gyrating rock-breaker, 125 
Hallky bumjung tabl<-, 84« 

Hamilton, J. F., ({UoUhI, 412 
Hancock classifier, 244; jigger, 269 
Haml-breaking, 110 
Hand-picking, simple, examples, 76 
Hardinoe, - , quoted, 204 
Hardness of minerals, list, 8 
Hardy Fatent Pick Comi'vny, Ltd., Elliott 
coal wasberv, 496; vibroinotor screens, 50 
Hahtwio, — , quoted, 389 ^ 

Harvey, J. F., qiiotwl, 303 
Harz system of jigging, 257, 258 
Hkad.Wriohthon and Co.,LTD.,atili*breakage 
screens, 42; friction-driven tipjiler, 454; 
jigging screens, 38; scraper conveyor, 465; 
toothed rolls for coal breaking, 150 
Heavy liquids, separation by, 214, 215 
Herkrle magnetic separator, 404 ; mill, 213 
Hrcia rock-breaker, 125 
Henderson, — , quoted, 816 
Hendy challenge feeder, 175; conofentrator, 
878 

Henry, A, quoted, 160, 247, 248 
Hindered falling, action of jigs and, 257; in 
fluids, 221 

Hochstraatkk pneumatic coal-cle^r, 876 
Hoffmann, W. A., quoted, 207 
Hoists, 467 

Holm, £., quoted, 389, 390 
Hoppeis fur storage of mineral, 459 
I4pnzontal cuirent sejHirators, 292; blanket 
strakes, 311; Brunton’s cloth, 323; budeUet, 
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MS; cnyai'Me., SIS; Fetriia belt, 
a^4j iramfis, 31f; Linkenbach teblt*, 330- 
propeller knife buddle, 
823; revolvint; mHo!^ tables, 826; sliae 
pite and labyrinths, 3Qi; strakes and tyes. 
SOI; etrips, 801; trough washers, 303 
Hotching machines, 256 . 

■owLANi) pulveriser, 105 a • 

HtiBinu diftintegratoL *205 
Humholdt^'InoiskkrTso Woukb Co., Bartsch 
rock'breaker, 1*21; Briart^crwn, ‘26; coal- 
washing plant, 500; couiplox oylmdrical 
trommel, 71; Crickliootn trotriuel, 105; 
fine crushing rolls, 144; Hoberle mill,‘213; 
Klei^ screen, 40; Linkenbach tabh-, 333, 
336; niftgoi’tic separation plant, 506 Linag- 
limetic M'parators. coarse, lisio. meclwnically 
dijven hoist. 467; phosphate, of hme 
dressing plant. 536; pickiok; fable, 85; 
reciprocating liay feeder, 173; raxolving 
jlime table, 327; Uiltiiiger table, 356; 
Salzburg table, 345; tube mill,‘200; wash¬ 
ing drum, 103; Wetheni) inagnelic sepa¬ 
rator, 436 

HuNTisnnoN intll, 103, 101 
liusBAN'n HtinoKpiieiic htamps, IHO 
Hutfhwork, jigging, 25 k 
H yarauiic power, ilrossing wttrkw. 480 
Hydraulic sepaiution, 7 


Iinpict screen, l‘2 
Inolis and Hossai k, ipioted, 300 
Instituiion 01 Misino and Mi-rALi.riKiV, 
quot'd, 17 

In’, lui-; ciirv.* for Ktaiiip-caiiis, 158, 171 
Iron and SrKi;i, iNsiniiK, quoted, 500 
Iron ores, ilies'-iiig of, 2, 3. drum washers, 
105, 50*2; jigs for, *273. 504; log-washing 
plant, 501; magnetie HfjiHralnuj, typical 
plants or, 504; magnetic hiiweptibility, 
3HK; 'y|iical dressing jdant, '501; vihro- 
luoto screen for, 51; washers for, 10*2 


Jacomktr^ and Lkmqok’h cast iron classifier, 
230 

Jewkey MANi'KACTi'iiiMt C"., CeHtury con- 
v«y#r, 464: scraper conveyor, 466, trom- 
uiels, 00, i)2, 03 

Jigging, American practice, 202; in air, 375; 
terms used in, *257 

Jigging scree .s, 3M 

Jigs. ii 2 tu>D of, 256. *250; air-jigs, 370, Baum. 

' 290 Bilbai ,‘.lO?, 268, *27*2; eoal-washiiig, 

490; Collon., 280; coiiipressedair, ‘290; 
TOpper-ore dressing plant, 514; Conkling 
circular. 273; felspar washers, *200, ‘284, 
285; fixed sieve tyjies, 273; Hancock 
patent, 209; hand-worked, 264; horizontal 
piston tyjie, 280; moving sieve types, 257; 
screens for, 275; single compartment, 277; 
small, for laboratory tests, 290; three- 
ooraiartment, *281; vibromotor applied to, 
289 

tore, 0. 0., quoted, 222 

Jmtu. turbines, dressing works, 490 


Koui pendulum sereen, 62 
Kayak, —, quoted, 368 


Kayak repeKing table, 369 
Keepers, eollier; screens, 21 
Kehrherd or sweepiqg jjble, 819 
Kresi.jn’e n|pgnrtfo iwjSiralor, 898 
Kick-U|>H or end tipplers. 461 
Avi.vo's inagnelic 8e|«rator, 896, 406 
Ki.kik screen, ^0 

Ki.kis’s solution, Bopsration by speeiKo 
gravity, ‘215 
Ki-onnv, serwen. 65 
KuKisH'fk’W'Ou, 4H 
Kuou, ipioted, 71 
Khuh pneumatic jig, 380 
Kkun rolls, i:w 

Labyrinths, liorizoutal current hoparators,801 

IjADi-Niintii, B., quotinl, *2*22 

Lake, , quoted. 445 

Lamii, —. quoted, 2*22 

Lack scn*eu, 42 

Lend ore'<. buildlet for, 2118 ; humping tables 
fur, H48; i'enuns tables for, 320; frames 
for, 316; Mechetnich syphon washer for, 
248; jigH for, 'J^O; pio|H*iler knife huddle, 
3‘i3. .3*24; ti>H>>ing kieve or dolly-tub for, 
253; typical dressing pliints. 510 
I.ead-/.ilic ores, colicuve slime table for, 330; 
dn'ssiiig jilaiit fi)r, 51*1, 522, Liukeubaeh 
tubh* for, 334; picking tablo for, 88 
Leavitt steam stamp, 18(1 
Lisrknuath, C., quoted, 233, 240, 259, ‘261, 
830 

LtNKKSiiACH table, 330, 334, 336 
Lnekel work screens, 17 
IsogwusherK, 101; unangi-menl for iron ores, 
501 

Lovm-FiNNKV magnetic separator, 415 
JaOiikio Coad-Wasiiim> and Ouk-I>iikssino 
Ai-I'I.iancks Co., Lid., coal-washing plant, 
499 

LOnitio vunner, 361; vanning table, <306 

McDsuMim hizei, 21 
Machiiie-bn-Hkirig, 111 
Magnetic constants, Aarious minerals, 389 
Magnetic separation, 7, 385; cloctnc current 
for, 429; feebly magnetic substances, 430;' 
grouping of minerals according to magnetic 
permeability, 391; iron ores, arraniKment 
of typical plants, 501; principlcK of 
maohines used for, 392; pyntio niatefial,* 
effect of drying, 392; strongly magnetic 
minerals, 394 

Magnetic separators, Ball, 404; Ball-Norton, 
belt, 405; Buchanan, 400; Chase, 414; 
Conkling, 401; Bing. 399; Edison, 406; 
Ekman-Markman, 4*21; ErikMou, 417; 
Forsgreri, 419; Friiding, 412; OrOodal, 
397, 421, 428; Heburlc, 412; Humboldt, 
396; Kessler, 398; King, S9G. 406; hdxna- 
tory form, 433; Mechornicb, 436; Monarch, 
402, 410; Putzig, 400; Bowand-WetberUl, 
430; Bautler, 404; Bella, 399; Wenstrdm, 
394; wet-workiug, 409; WetheriR, 434 
MAl>t.KTT, quot^, 108 , 

Manganese ores, dressing of, 510 
Mahcus cmiveytDg screen, 48 
Mars's Excelsior conveying screen, 46 
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Mabsdek polverizer, 127 • 

Matbel, Mu., quoted, 26 
Maohick, —, quoted 218* 

Meohauioal properti^oi diinergls, dressing 
processes d^endent on, 6 
Medium crushing, 126 * 

Metallic and nou-metallic, use ot terms, 4 
Metalluroiska AKTiEROJiAO, ^cden, mag* 
netic soparatiou plant, 506 
M 1 CHBI. 0 T, quoted, 106 
Middlings, didioulty in separatbilt 226; 

treatment of, 4K2 
Mine cars, 450 

Mineral, (lehnition of term, 2 
Mineral dcpoHits, sciejice of, 7 
Minerals, claHHilication, 6; coefficients of 
friction, 13; crushing strengths, lOH; list 
of, H, 0, 10; magnetic cotiKtiuits, 3K!) 
Mining, art of, 7 

Mills, arrastruH, 206: hall mills, lllfi; Bryan 
roller, 209; Chilian, 201); Grillin ore, 201); 
Heherle. 213; mortar,210; Hchranz roller, 
212; tube nulls, 200; Union roller, 209 
Moist material, screening of, 13 
Monarch magnetic sepaialor, wet-working, 
410 


Monuok, H. S., ijiioted, 221, 222 
Moiunms, M. I'E, iiuoted, 53 
MuRISon, quoted, 1H2 
Moribon, 1). I‘., quoted, 73 
Morison }iigh-H|ieed Hlam]i, 182 
Mortar niills, 210 

Motive power for dressing works, 4sy 
Mouchkt, Cn., quoted, 330 
Murtun washer, 309 


Niagara pulveriHer, 19<i; dry-blowing applied 
to, 376 

Oil-Beparators, Khnore, 442 
Oil-shale, distillution, 3 
Oils, rehning of, 3 

Ores, dressing of, 3, 4: list of, 9; typical 
plants for dressing, 501 
Obtkrspky, —, quoted, 249 
OvRRSTBOM table, 370 

Paudock air-jig, 379 
Pans, line crushing, 213 
Favr-Hknnkiikug separator, 362 
PatouiUet or trough waslier, 102 
Peat strakes, 312 

Pki.ton wheels, dressing works, 490 

Pendulum sorocn, Katlik, 52 

Perfoiated jdates, apertures, designation, 14; 

OouBtructiou of, 15 
Pktersson, W., quoted, 402, 403 
Pktbbrick, Captain quoted, 257 
Phillips, W. B., quoted, 391 
Pbospliate of lime, dressing plant for, 536 
Physical properties, dressing processes de¬ 
pendent on, 6 
Picking, 6, 76 

Picking rolts, 86; canvas, 96; comparison 
with picking tables, 66; discharging de¬ 
vices for 00 ^, 97; simultaneous screening 
And, 96; typical examples, 99 


Picking kbies, 77; double-dhcked, 
volving,^!; oompariaoi with belts, 88 
Fiatinum sands, franfls for, 819; peat 
ftrakes for, 812 •• • 


Platt, James, quotq^, 51 
PlOcker, —, quoted, 388 


. ^ 


Pneumatic separatipn, 7, 874 
Pneumatic ffepn^rors, Clarkson-Stansdeld^ 
384; Hoohstrsates a^aratus, 376; ^rom 
pneumatic jig, 360; Faddock air-jig, 379; 
Pape-Hennebe;^. 362; Sutton-i^teele, 385; 
Wetzlar Tierra Seca concentrator, 382 
Pockets or bins for Blorage of mineral, 459^ 
Pottkr, U. V., quoted, 445 
Potter ore or pure galena, 516 


Power stamps, 179 , 

Power trausmiHKion. dressing works, 490 g 
Propeller knife buddle, 323 
Pulp, coiivcyaiH-e of. 470; elevating* of, 
471; rate of ilovi', 470 
Piri'zio^mgnotie separator, 400 


Bagging, 111 

Baggings or middlings, 277 
Bailways, mineral, 458 
Banking, W. M,, iiuoted, 216, 223, 225 
Beciprocatiiig rock-breakers, Ill ^ 
Beciprocating screens, 35 
Bevolviiig tables for picking, 81 
Bkuurdh, B. H., quoted, 229, 232, 237, 238, 
25H, 259, 262, 314, 182 
BiciiAHns-GiKKiiN classifier, 237 
BiciiAUDs’ fllmllow jiockot classitier, 210 
KiciiAun, T. A., quoted, 376 
Biuo’s tumbler, 452 

BiTTiNoi'.it, BERoitATii VON, quotod, 12, 130, 
218, 223, 232, 316, 363 
BiiTiNOKu continuous taiile, 356 
Borins Convkyino Belt Comi-anv, belt con¬ 
veyor, 96, 464 

Bobinkon Coal washer, 244; arrangement of 
plant, 498 

Robson and Cronader, quoted, 442 
Bock-breakers, 111; conipaiison of types, 
124, 127 

—, g.Yrating, 122; Comet, 125; Gates, 
123; Hecla, 125 • 

—, reciprocating, Blake, 113, 118; 

Bo(*th combination, 121; classification, 
112; Dodge, 120; Forster, 121; Hadtield 
and Jack’s, 116; mode of action, 114; 
Schranz sectorator, 119 
—, rotating, 122 
Bocks, dressing of. 3, 4 
Boorbach’s solution, separation by specific 
gravity, 215 
Boiler feeders, 476 

Bolls, crushing, 129; arrangement di plant, 
149, 150, 153; Cornish, 181, 135; corru¬ 
gated, 151; Edison, 151; Edison giant, 
152; feeders for, 140, 146; modem, 
features of, 136; peripheral speed of, 141; 
roughing rolls, 130, 150; shearitg devbe 
to prevent damage, 146; shells, 131, 189; 
size of products, 150; theory of action, 
129,130; velocity ratio of rolls, 139; fine- 
crushing, 137, 146; choke-feeding, 151; 
ifrom, 136 
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5®^, H., ,^ioi«d, 269 
"Owting rook-brtll»rfi, 111, 12:4 
5ot*‘pg BcreiiSi, 3J, 55 
.^wi5D.WEiHnuij,a|^j(i„ wfaralor, «0 
Jlun of mjne coal, 2 « ^ 

Botousn, F. S., quoted, 273 


AiEt, quoteil, ilk • 

SalhIN and Pickar^ (jHoEfd, 44.*> 

Salta, dreii^iug of, T, 4, .ixj; list of. «) 
Salzburg btmping tabic, SJf) 

Sampling, 47H 

•Sactler magnetic eeparators, 404 
Schemuitz or Hunganan bumping tablt'. ;J47 
ScHMf>T, F.. quoted, 524, XV.i 
Schmitt; spiral trommel, 73 
ICHKANz Jig, ‘209; roller mill, 212* sec- 
tjj^tur. 119 

ScurcHTEiuuNN AND KithMut, lloj^iiiann and 
Etude screen, 32; felspar AMi«lu'r. 2«.); 
-Karlik pemUilinn screen, 52; KkuAcrtH'ii. 

•42 

Scraper conve>or. 105 
Screens, angle of incliiialmn. 13; Callow, 
75; cliissitication of. IS; coal. 20, eon- 
Btruetiull of, 11 ; depiigiialioti of a]<eltnies, 
1.^; fixed, IH, 21; gyrating. 4^ . mde- 
pendent inolioii of burs t\jie, 22. locket 
work. 17 ; iiiovnig, 21; ieri|iiocaiiiig. 35; 
rotalmg, 55; miiveisal timfion l)j)e, ;15; 
vibroriiotor, 19; wo\eii wiie, 10 
Screw conveyor, Ifib 
ShlJA, M.. quoted, 3'.i9 
Seli.a magiielie w|iiiruic'r, 399 
SI. ^1) g Hcrcms, 35 

Shaking tabl«-<. 337; Bailwdi rotat<tiy. 371 
Shaking tray feeders, 474 
Shaking trays for picking, 

Shattering, definition of teini, 10k 
Siri:i’CU! \si» Suns, coal-washing plant, 4‘IH, 
felspf., ivashei, 2flli: nut wa"liei, 277 
Sh -LI. piK-niiiatic stamp. 1k2 
ShRas/, , quoted. 3.30 
Siemens ani> Hai.skk, magnetic Heparator, 
404; Pulzig magm-tic separator, 400 
Sieve factor, 22(f 

Silvei ores, diesaing of, 530. tine crushing, 
pans for, 1:1 .i 

Siziug, volumetric, <1, 11; theory of, 11, 12 ; 

wet and dry, 13 
Skoda nut-\» .sher. 2^0 
Slime box. tirondul magnetic, 42» 

Sima- pits, ho' " 'tital current separatorH, 301 
Slime tables. levoKuig, 320, 327, 329, 3;i0; 
Liokenooch, 33U 

Slimes, definition of, and consideruticms 
affectlDg, 222; dilliculty in m-paration, 
228;V-neral treatment, 4H3 
Smyth, WARiNorov W,, quoted, 316 
Sonsxadt'h solution, scpuralion by B|»ecific 
gravity, 215 

Sopwrui, Thomas, quoted, 261, 277, 323 

Sortin^isB, 7C 

Sorting floors, 78 

^rting table, 77 

Sortirung or classificatrun, 231 

Spiuiing, 111 

Spabbe table, 373 ^ 


SpeciSo gnf itias of mioenda. 8. 9, 10 
Bpecifle gravity, separation by, 0, 214 i 
classification of 230; qm of 

^ heavy iiqmds, 314^15 
Specific gravity, tlieory of sepualioii by, 215; * 
• external impulses, 226; Bonxontal our- 
renU, 224 ; shallow ennents, 225; siaing, 
228 * 

Si’EKuv. R. A., (piotwl, 190 
SpitzkaKlen, 23]; dimensions, 233; iion, 234; 

withfBawal of products, 234 ; wocKlen, 234 
Spiizlulte, 210 

STALMAN-tiElIMER, - . quoted, 41.5 
StaiDp'i, 1,5,5; AuKtraliim, 174; automatic 
ore-ft-e«lerM for, 175; (’aliforniaii, 156,104; 
Cornish, 156; Cluneseoi tiU-immmerforni, 
155. (rermaii. IfUt. Hi2; giavilalion, 156 
pneumalic, llusbund atmosphcnc, IHU; 
MoMkoH hlgli-HjH-etl, iK'j; Sholl, 1K2 
steum. lK.5 . AIUh. IMH; l;<-ivvitt, IHC; 
Tri-uiiiin, 190 
Stanli y. -, quoted. 75 
Steam power, dn-KKiug winks, 189, 191 
Steam stamps, IK5 
Sin-MAN diKinti'giator. 2U.5 
SioiiiH, SiH (iioiii.K (Jmiuirl, quoted, 222 
Stmiige of mineml. 1.5K 
Stiukes, hon/oiital ciinetil Kepanitors, ;t()l * 
lilanket, ill I; (h-uI, 312 
Sfrijis, hoii/.ontal eiineiit separalurH, HOI 
Snuii.vAM null, 207, ruil-juw line crusher, 
I'JK 

Surliu-e tension, dilTerenlial, si-pamtion hy, 

7. 412 

Si I ION, —, quoteil, 112 
St iTo.s-Si'i c.i.E table. 3 h 5 
S\phtjn-washer, Meclu-riiieii, 21K 

'I'ailiTigH wheels, 471 
Tate’s patent tipjdei, 451 
Taalor, Ajnm u. quoted, 2M9 
Thomas, H. A-. qtioti-d, 526 
Tjiomcsos am- Comi'asa, staiu|i-biitU’ry, 
174 

Tiu ores, aliiiMul, diessnig plants for, 524 
• , eoHl of dressing, .529 
, piop-'iler knife bmldle for, 323 

— , seif aeting Inimes for, 319 

- • , tossing-kieAe or dolly tub for washing, 
253 

Tipplers, 151; friction diiven, 4.54; Tate’k 
patent, 454 

Tuggle joint, rccipiucutiiig rock-breakeni, 
114, 115 

Tohsing-kieve washer, 2-53 
Tramways, aciial, 457 ' 

Tiikuain sti-ain stamp, 19U 
Triumph vanners, 342 
Trommels, 55; clearing screening surface 
of, 74; complex, 71; coru|>ound, 68; cost, 
74; grouping of, 66; pathi of partiolea 
m, 56 et leq.- pyramidal, 63; size of 
mesh, htuit, 75 
Trough Conveyors. 465 
Trough waahors, 101,308; Rell and Itamaay, 
3(Hi: Elliott, 306; JJIaokett, Bll; Mutton, 
309 

iBracoTT, H. 3., quoted, 78, ftl, 86 
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Tube mills, 200; flints for, 202; Qrasonwerk, 
200; thcorT of action, 203 
TvUiOCH feeder, 474k • 

Tumblers, 451; Cook\ 458; RJjg’s, 462 
Turbines, water, dressing works, 490 
Tybs, borizoumi current separators, 801 

Union Ikon Works, gyrating *i^k-breaker, 
125 

Union roller mill, 209 

Unwin, —, quoted, 217 • 

Vacuum process of separation, Elmore, 44G 
Vanners, development of, 824; Embrcy, 
842; Frue, 888; Triumph, 342; Wood¬ 
bury, 845 

Vibrating screens, 85 

Vibromotor, application to jig-washers, 289 
Vibromotor screens, 49 

Washers, diamond, 251; dolly-tub, 253; 
drums, 103; lead-ores, 246; tossing kicve, 
258; trough, 101 

Washing, 70; appliances for final treatment, 
244 

Water-power, dressing works, 490 
Wki)J>ino, — , quoted, 890, 891 
Weighing, 477 

Wknbtbom magnetic separators, 394 
Wet dressing, appliances depending essen¬ 
tially on vertical full, 281; hori/.ontal 
current separators, 292; jigs, 250; shaking 


tables, 887; speoifle gravity,^sepaifttion h, 
214; waiinag sppliaac4, 100 
Wethebill, J. P., quotSd, 430 ^ 

WfrHBBiLL^magnetif•separator, 484, 43 
^6; application 4o tin ores, 628, 521 
application to zinc ores, 624 
Wetzlar Tierra Sei^ concentrator, 382 
Wheelek pip, flu crushing, 213 
White, —, quote*, 196 
WiLELEY Obe ConcentbaTob Byni)1|ate,Xti 
impact screen, M • 

WiLELEY slime t^le, 363 
WiLFLKY table, 863, 365 
Wire-rojie tramways, 457 
WiTiiEUBEE, Shekman AND Co., ma|pet 
separation plant, 506 ^ 

WoAKES, E. li., quoted, 518 
Wood and JJobnett, quoted, 97, 309 
Wooi>injBY*’anner, 345 ^ 

Work, or crude lead ore, 616 
Works,^dressing, general construction, 479 
Woven wire screens, 16 • 

Whihiit, W. 1)., quoted, 40 

Zknner buddies, 326 
ZiMMEB conveying screen, 40 
ZiMMKK conveyor, 405; coal-picking onjLiBO 
Zme-lead ores, concivve slime table for, 3o0; 
dressing plant for, 519, 522; Linkenbach 
table for, 334; picking table for, 88 
Zinc-ores, dressing plant for, 623; magnetic 
Hoparaliou applied to, 524 


THE END 
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BRITISH EMPIl 
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Mineral Productions in' the British Dominions 
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By RALRH S. Q. STOKES.' 
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This successful mining work has been received with favour througbr* 
out the Empire. It contains accurate and grt,phic descriptions of fhe 
great mining fields of Austredia, South Ai);ica, Canada, New Zealand, 
India, Burma, Malaya, Gold Coast, Ceylon, and other British possession?, 
and covers a wide diversity of mineral products, including gold, silver, 
lead, nickel, copper, manganese, mica, rubies, opals, sapphires, diamonds, 

petroleum, coal, and plumbago. . 

®’ 

Minimj Joarml—" The book is an enjoyable one from 
beginning to end, and tbe antlior is to be congratulated in 
presenting such a comprehensive review, replete with masses of 
/facts and figures, in such a guise as to make it interesting to all 
readers. One leaves its pages with regret.” 
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Camidian “Mining JonrnaV'—'Mv Stokes’ chapters on 
Cobalt, Sudbury, (Juebec, and British Columbia will stand in¬ 
spection even by a Canadian mining man. They are clear, 
incisive, and honestly descriptive. The book will, we lielieve,* 
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admirable, its e.\ecution excellent. Mr Stokes jiossesses the 
rase gift of making com))lex and extremely difficult things look 
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Mining IfwM—“The book can be commended even to the 
general reader as an interesting and carefully compiled pro¬ 
duction.” 

Fimmial Time».—“ This valuable work ... shows the grasp 
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getting at root facts.” 

Engi^ering and Mining Journal.—“TTie work which‘the 
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only interesting to read but a valyable contribution to know¬ 
ledge.” 
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, General Editof :—!!^ ]. E. MARK,. 

The economic aspect wfgeqlogy is yearly^receiviftg tnoij^ *tention m’odf, 
|reat educational centres, ani the books of this series afe designed 'In 
first place for students of economic geology. It is believed, however, that 
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